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ABSTRACT 


This report summarizes the thermal data for the payload bay of 
the first five shuttle flights and presents the engineering 

orofi^° n °h that da ^ a - After a general discussion on mission 
d vehlcle configurations, the thermal design and 
flight instrumentation systems of the payload bay are described. 
This is followed by the presentation of the thermal flight 
data sources and a categorization of the data. A thermal flight 
data summarization section provides temperature data for the 
ive phases of a typical mission profile. These are: Prelaunch, 

scent. On Orbit, Entry and Postlanding. The thermal flight 
data characterization section encompasses this flight data for 
i 9 ^ t0 fli g ht variations, payload effects, temperature ranges, 
and other variations. Discussion of the thermal environment 

cl n?^ 10n H m °?K 1S ln U3S by industry and various NASA 

Centers, and the results predicted by these models, is followed 

fliah? ri*t 1 Ua i° n f u 0f thS corr elation between the actual 

H data and the results predicted by the models. The report 
concludes with an evaluation of the available thermal data from 

the™Ii' eWP0 ^ nt ° f th& US6r concerned with establishing the 
thermai environment in the payload bay. The data deficiencies are 

presented recommendations for their elimination are 
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1.0 INTRODUCTION 


data r Sr rt tSr m SJ i ? eS H th S rSSUltS ° f the thermal environmental 
fliahtf r$* P * V ° 3d ba V taken during the first 5 shuttle 
flights . The evaluation of the data and its application to 
payloads are the primary objectives of this report 
and ^ thermal environment prediction developed by industry 

anS ^KTT nt - Center3 ' deluding computer prediction programs 
and methodologies will also be discussed. P 9 
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2 . 0 SCOPE AND OVERVIEW 

The mission profile of a typical Space Shuttle flight, launch 
vehicle configuration and a general overview of the thermal 
environments in the shuttle payload bay for STS flights 1 5 
are dicussed in this section. 

2.1 Mission Profile 

The Space Shuttle System, Figure 2-1, is used to place 
flight experiments and spacecraft in earth orbit and to provide 
the initial boost phase for interplanetary spacecraft. In order 
to design these experiments and spacecraft for survival in the 
thermal environment of the shuttle payload bay, this 

environment must be measured and the accuracy, of the data 
estimated for typical mission profiles. A typical mission profile 
consists of five phases: Prelaunch, Ascent, On-Orbit, Entry and 
Postlanding as shown in Figure 2-2. 

2.2 Launch Vehicle Configuration 

The STS configurations for the data taken during the first 5 
shuttle flights are summarized in Table 2-1 (Reference 1). All 
payload pallets on these flights were generally of the type 
developed by the European Space Agency (ESA) , except for the 
Development Flight Instrumentation (DFI) pallet. 

Table 2-1 Launch Vehicle Configuration 

i STS I STS I STS I 
1112-4151 


a. OV-102 Vehicle 


b. Launch from Kennedy Space Center (KSC) 

X 

X 

X 

c. No thrust augmentation 

X 

X 

X 

d. Full thermal radiator panels 

X 

X 

X 

e. Payload bay vents open at all times 

f. Payload bay with ESA pallet payloads 

X 

X 

X 

X 

g. Payload bay with DFI pallet payload 

h. Payload bay with DFI pallet and TELESAT 

X 

X 

X 


payloads 


2 
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Figure 2-1. Space Shuttle System 



Figure 2-2. Typical Mission Profile 





2.3 The Payload Bay Thermal Environment 


affected 1 ^ prelaunch thermal environment is primarily 

aoakback from 

environment. In the On-Orbit- ^ tne thermal 

nora.al^ope" and „c=a 5i o„,ll y cloaad aid tha “ tit 

ttep“S' b DUr ‘" 5 En “^ ^“p'ealior^tinfofthe'aL af?™^ 

There is good agreement among NASA centers and i 

le er me ^t oef 'll P3yl ° ad thermal environments 
SeficScJL in ; P n T 6 f K hat th6re 3re 3ti11 significant 
payload is different; (2) Each flight ^iT different • ^3)' ' ^ligS 

data f PSr f ainin ^ to the payload bay is limited; and, H) Flight 
data for the payloads is virtually non-existent. 9 
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3 . 0 THERMAL CONTROL SYSTEM 


The Shuttle Orbiter midsection includes the 60 foot long by 
foot diameter payload bay, lower fuselage structure and 
subsystems, payload bay doors, radiators, and wings. The Thermal 
Control System (TCS) for the midsection controls the therma 
environment of the lower equipment bay and affects the therma 
environment of the payload bay proper. The thermal environment o 
payloads, located in the bay, are primarily influenced by the 
view of the sun, earth, and deep space, their station location 
and the heat transmission created by their attachment to e 
orbiter midsection structure. 


During prelaunch and postlanding phases, environmental 
conditioning is provided by the vehicle-level air and gaseous 
nitrogen purge system (Figure 3-1) . The purge system provides a 
positive pressure inert atmosphere for contamination control and 
minimizes the GH2 buildup after external tank loading by 
converting from air to GN2 . During the postlanding entry-heating 
soakback period, the purge provides attenuation of the potential 
peak temperatures which the subsystem components would be 
subjected to without the purge. 


Limited thermal control of the Shuttle payload _ bay is 
accomplished through the use of fibrous and multilayer insulation 
(MLI) blankets, and heat sources and sinks supplemented by 
selected attitude constraints. The basic insulation design 
consists of bulk fibrous insulation (TG-15000) sized to protect 
subsystems from overheating during entry and post landing- therma 
soakback. This insulation is supplemented by MLI for low weig t, 
high thermal efficiency on orbit (Figure 3-2) . 


3.1 ORBITER MIDSECTION 

Except for specific, detail differences among the orbiters, 
multilayer insulation (MLI) and TG15000 insulation blankets are 
employed in the midsection TCS. The payload bay outer surface 
insulation is made of Armalon (Teflon- impregnated fiber glass 
fabric, commonly known as Beta cloth) . Beneath the outer surface 
is a multilayered insulation blanket from Station Xo-582 to 919. 
From Station Xo=919 to 1191, the outer surface is insulated with 
1.05 and 1.80 inch thick TG15000 on the upper and lower areas, 
respectively. In the wing torque-box area (Station Xo=1191 to 
1305.5) the outer surface is insulated with 1.35 inches of 
TG15000 above the wing carry thru structure. The top of the wing 
torque-box is covered with ten layers of MLI. The top layers of 
all MLI and TG15000 that view the payload bay (w/o liner) are 
also Beta cloth. The payload bay liner, used for contamination 
control for specific payloads is a single layer of Beta cloth; 
therefore, the optical properties of the payload bay are the same 
with or without the liner (OV 102) . The forward section of the 
lower bay structure (Xo=584 to 919) is insulated inboard with 
TG15000 thicknesses of 0.75 inch on the sides and 1.50 inches on 
the bottom to help protect the orbiter equipment . in the area . T e 
portion of the sidewall above the sill longeron is covered with 
1.05 inches of TG15000. The aft section (Xo=919 to 1305.5) is 
uninsulated on the sides and bottom, except for 1.35 inches of 
TG15000 on the sidewall above the sill longerons. The bottom of 
the sill longeron is covered with 1.05 inch thick TG15000 
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WING VENT NO 7 -DUCT 
RELIEF DOORS 



Figure 3-1. Purge, Vent and Drain (PVD) System 




COVERAGE 



Figure 3-2. Insulation Configuration (Cont. 

















insulation. The forward bulkhead is insulated with ten layers of 
ML I facing the payload bay crew module, and an additional 1.5 inch 
thick blanket of TG15000 is applied above the PLB liner forward 
of the MLI . The aft bulkhead is insulated above the outer surface 
with ten layers of MLI. The entire concave surface of the 
payload bay doors is covered with 0.45 inch thick TG15000. 

3.2 BASIC MID-FUSELAGE STRUCTURE 

The basic mid-fuselage structure consists mostly of aluminum 
skin, frames, longerons, and a wing torque-box, protected at the 
orbiter outer surfaces by the Thermal Protection System (TPS) 
insulation. The graphite epoxy payload bay doors are isolated 
from the bay during open-door operations. The. forward and aft 
ends of the midsection are closed out with the structural 
bulkheads, which are insulated on the payload bay side. The 
forward bulkhead actually forms the aft wall of the forward 
fuselage crew compartment, and stays nearly constant at the 70 
deg F internal habitable environment temperature. The aft 

bulkhead is thermally passive and its temperature essentially 
follows the aft fuselage environment. An aluminum sill longeron 
that is covered with a white coating runs lengthwise along both 
sides of the payload bay. This is used for structural 
stiffening, as well as to provide attach points for payloads. The 
longeron lower surface is insulated with TG15000. Twelve 
structural frames are installed in the midsection lower fuselage 
(Figure 3—3) . The upper caps of these frames match the circular 
contour of the payload bay and are exposed to the payload bay 
environment. The optical properties of the caps are approximately 
the same as the liner. The lower surface of these caps is 
insulated from the lower fuselage environment with MLI. Due to 
the relatively small area the caps expose to the payload bay, the 
direct impact on the radiation interchange in the resulting 
payload bay temperatures is small. However, the caps do affect 
w i re tray temperatures and conduction heat transfer at payload 
attach points. The aft section of the lower mid-fuselage (Xo=1191 
to 1305.5) constitutes an aluminum and aluminum/boron wing 
torque carry thru box. The upper panel of the wing box is covered 
on the top with MLI which is exposed to the payload bay 
environment . 

3.3 ORB I TER/ PAYLOAD RETENTION FITTINGS 

Shuttle payloads are attached to the Orbiter by means of bridge 
fittings. Bridges will be installed at the Orbiter longerons and 
between the main frames at the keel as needed for specific 
payloads . The bridges will have standard fittings on which 
payload trunnions will rest. Figures 3-4 and 3-5 show a typical 
longeron bridge fitting and a typical keel bridge fitting. These 
payload attach points provide the primary heat conduction paths 
between the Orbiter and the payloads. All longeron bridges are 
titanium and the longeron latches are inconel. The keel bridge 
assemblies for bays 2 through 5 and 12 are aluminum only; bays 6 
through 11 are either aluminum or titanium. 
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3 . 4 WIRE TRAYS 

three el ?eet el wid; 3 ^7 "f 6 a f uminum wire trays, approximately 
both, id!! t! • nSarly the length of the Payload bay on 
b!t not tk 6 ! ire trays are afc tached to the twelve frame caps 
but not to the forward or aft bulkheads. The wire trays are us!d 
to route Orbiter electrical system wiring between thl forward 4 
mid and aft fuselage sections. The lower surface of the trays is 

Xo-919 Tos t nS £ latl ° n as f oHows: 10 layers of ML I forward of 
x° 919, 1.05 inches of TG15000 blanket from Xo-919 to Xo-1191 and 
1 35 inches of TG15000 blanket aft of Xo=1191. The upper » 

!" ay au ^ face ' covered with the white coating is exposed to the 
payload bay environment. Each tray spans 21.7 deg of the semi- 

Xo!l2 92 1C ?ie P m^sr d f b !h COVSrS th ® region from Xo=600 to 
f!am!! t*!d! T ! tray, combined with the conduction to the 
frames tends to moderate local bay temperatures. 
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Figure 3-4. Typical Longeron Fitting 


KEEL BRIDGE 
FITTING 



Figure 3-5. Typical Keel Fitting 



4.0 THERMAL FLIGHT INSTRUMENTATION SYSTEM 


The thermal environment in the Space Shuttle Bay is measured and 
recorded by the Developmental Flight Instrumentation System 
(DFI) . This instrumentation package employs Resistance Thermal 
Devices (RTD) to measure the temperatures which are recorded 
on-orbit or downlinked in real time during the mission. 

An interactive computer terminal system, or trend monitoring 
system (TMS) , was instituted by which terminals were provided for 
the retrieval and plotted display of data in near real time. 

Raw data was recorded on the Mission Control Center Network 
Interface Processor (NIP) tapes. The TMS and CCT tapes, which 
provided most of the data for this report, were generated from 
the NIP tapes by different data processing methods. The normal 
lag between the real time data and the TMS data base updates was 
approximately two hours . 

The 50 RTDs of the system which are of interest for payload 
environments are grouped into three series. The 91 series 
consists of 8 RTDs located on the left and right side mid- 
fuselage longerons of the shuttle. The 18 RTDs of the 93 series 
consist of 12 in the cylindrical bay proper, 4 on the forward 
bulkhead at Sta 576 and 2 at the aft bulkhead at Sta 1307. The 92 
series consists of a total of 24 RTDs located on the bridge and 
keel fittings, payload bay doors and the Development Flight 
Instrumentation (DFI) package. Not all of the RTD measurements 
were recorded for each flight; some devices recorded temperatures 
on fittings which were installed for specific flights. Figures 
4-1 and 4-2 provide an overall view of the RTD locations . A 
limited number of measurements were down-linked in real time 
during the missions but the majority of the thermal data, 
especially the PLB data, was collected by the DFI which records 
on-orbit . 

Of the payload bay liner measurements in Figure 4-1, V34T9312, 
V34T9318 and V34T93320 provided what were believed to be 
representative empty bay responses. V34T9319 was shaded by a tool 
box and therefore provided data on the response of the liner when 
it was in close proximity to a payload. V34T9310 was mistakenly 
placed on the wire tray. Two other measurements, V34T9311 and 
V34T9317 were purposely placed on the wire trays since these 
responses have a significant effect on payload temperatures and 
on the overall payload bay thermal environment. The three 
measurements, V34T9313, V34T9314 and V34T9316 were in the 
vicinity of the payloads on the first five flights. These give 
some indication of the severity of the solar entrapment 
phenomenon. However, two of the RTDs were placed on the bay vent 
filters. This dampened the temperature responses. The third RTD 
did not function correctly and, in addition, was covered by a 
payload. 
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V34T9313 X o 1030 

V34T9318 X o 850 V34T9314 X o 1030 

,V34T9320 X o 670 V34T9319 X o 670 7 ^V34T9310 j V34T9311 ( Hlm tray) 
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5.0 DATA SOURCES AND CATEGORIZATION 

Temperature measurements which are relevant to the definition of 
the payload bay thermal environment were chosen for this report. 
The flight data includes the temperature measurements from four 
basic elements of the payload bay: the payload bay liners, wire 
trays, and the forward and aft bulkheads. A total of 14 
temperature measurement locations, defined in terms of TCS 
terminology, are listed below for reference: 

V34T9310 through 14 

V34T9316 through 20 

V34T9324 through 27 

The temperature data from the wings, radiators, etc. are not 
included in this report because of the time and funding 
limitations established for this task. All flight data for the 
payload bay thermal environment was obtained from the DFI 
(Development Flight Instrumentation ) temperature measurements. 
DFI data were taken for STS Flights 1 thru 5. The DFI system was 
removed from the shuttle after STS 5; therefore, subsequent 
flights yield no payload bay temperature data. The DFI data is 
stored on CCT tapes and TMS trend monitoring system tapes . CCT 
tapes have a high sample rate and are very voluminuous . TMS tapes 
have sample rates sufficient for thermal trend studies and 
shuttle operational control but not sufficient for data curve 
generation. All data that was available to JPL was used in this 
report. The flight data used in this report is categorized as 
follows : 


(1) Computer Compatibility Tape (CCT) Data 

(2) Trend Monitoring System Tape (TMS) Data 

(3) Miscellaneous Data 

5.1 CCT Thermal Flight Data 

The CCT flight data was obtained from NASA Johnson Space 
Center /R . Brown and Lockheed/S .Williams . This data was organized 
into files designated as JPL files fOOl— f80. The organization of 
the data in these files, which cover three different time periods 
for STS flights 3 and 4, is summarized in Table 5-1. 
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TABLE 5-1 

CCT Thermal Load Data - Payload Bay 


1 

FLIGHT | 


STS-3 


i 

i . ... 

STS-4 

MSMT # | 

MET-HRS | 

104-116 

I 121-124 

i 

| 140-142 

i 

1 

1 8-22 1 
i i 

88-100 

120-136 

V34T9310 I 

(2) | 

fl 

1 

| f 14 

1 

| f 27 

I 1 

1 *f40 | 

f 53 

f 67 

11 1 

(2) | 

f 2 

1 ^ 

| f 15 

i 

1 — — 

1 f28 

i 

1 1 

| *f 41 | 

i i 

f 54 

f 68 

12 | 

(1) 1 

f 3 

1 

I f 1 6 

i 

l 

1 f 29 

i 

1 1 

| *f 42 | 

t i 

f 55 

f 69 

13 I 

(2) I 

** f 4 

I 

| **f 17 

i 

1 

I **f 30 

j 

1 *f 43 I 

1 i 

f 56 

f 7 0 

14 | 

(2) | 

** f 5 

1 

I **fl8 

i 

1 

I **f 31 

i 

j *f 44 | 

i l 

f 57 

f 71 

16 | 

(2) | 

★ * * 

1 

1 * * * 
i 

1 

1 ** * 
i 

1 *f 45 I 

i i 

f 58 

f 72 

17 | 

a) ! 

f 6 

1 - -- 

| f 19 

1 

1 f 32 

i 

1 1 

I *f 46 I 

i i 

f 59 

f 73 

18 | 

(i) i 

f 7 

1 

I f 20 

i 

1 — — 
1 f 33 

i 

1 1 

| *f 47 | 

t i 

f 60 

f 7 4 

19 | 

(i) i 

f 8 

\ 

| f 2 1 

i 

1 — 

1 f 34 

i 

1 1 

1 *f48 | 

i i 

f 61 

f 75 

20 | 

(i) ! 

f 9 

1 

| f 22 

i 

1 

I f 35 

i 

1 ! 

I *f 4 9 | 

i t 

f 62 

±16 

24 | 

(3) | 

flO 

1 

1 f 23 

1 

1 f 36 

i 

1 — i 

1 *f 50 | 

i i 

^ ! 

f 63 

fll 

25 j 

(3) | 

f 11 

1 

| f 2 4 

i 

1 

1 f 37 

i 

1 ! 

1 *f 51 | 

t i 

f 64 

f 78 

26 | 

(3) | 

f 12 

1 

| f 25 

i 

1 

1 f 38 

i 

I 1 

I *f52 | 

i i 

f 65 

f 7 9 

27 | 

(3) | 

f 13 

1 

I f 26 

1 

1 f 39 

1 - 1 
t **** j 

f 66 

f 80 


(1) measurement locations 0 forward half of payload bay 

(2) measurement locations 0 aft half of payload bay 

(3) measurement locations 0 fwd and aft bulkheads 

* Data files for STS-4 were too sparse to permit curve fitting. 

** Data Files for STS-3 not used since the sensor was installed 
beneath the filter flanges instead of on top of them. These 
temperatures do not reflect the true payload bay temperatures. 
*** Sensor V34T9316 was broken on STS-3 resulting in loss of data. 
**** Sensor data for V34T9327 not available. 
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5.2 TMS Thermal Flight Data 


The TMS flight data presented in this report was obtained from 
JSC Report 19956-” Orbital Payload Bay Flight Temperature Data 
Report 19956 provides DFI data for 50 measurement locations in 
the payload bay area for STS Flights 1-5 and for 6 measurement 
locations on the longerons for STS Flights 6-8. This data is 
presented in plotted form for the mission phases from lift-off to 
landing. No prelaunch or post landing data are included. The data 
sample rate used to obtain the TMS data was not sufficient to 
reveal the cyclic nature of the temperatures in the payload bay; 
however, this data is useful for showing trends, defining upper 
and lower temperature values, cross checking of CCT data and for 
general background use for the plotting of thermal data. 

Selected TMS data was organized into designated JPL files for the 
14 measurement locations previously used for the CCT data. The 
data file designations, applicable to STS Flights 1-5, are 
presented in Table 5-2. 
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TABLE 5-2 

TMS Flight Data Categorization 


MSMT # | 

I 


STS FLIGHT 

i i i 


i 

1 

1 

1 

1 

i 

1 2 
i 

i 

1 3 

i 

4 

1 

1 5 

i 

1 

V34T9310 | 

i 

flOO 

1 

| f 114 

i 

I f 128 

★ 1 

f 142 

1 

I f 156 

i 

1 

11 1 
i 

flOl 

1 

1 f 115 

i 

1 f 12 9 

i 

f 143 

i 

I f 157 

i 

12 | 
i 

f 102 * 

1 

I f 11 6 * 

i 

1 f 130 

* 1 

f 144 * 

1 

| f 158 * 

i 

13 | 

. .. ......... i 

f 103 

1 -- -- 
| f 117 

i 

I f 131 

i 

f 145 

1 

1 f 15 9 

i 

14 | 

f 104 

I 

I f 118 

i 

1 f 132 

i 

f 146 

1 

1 f 160 

i 

16 | 

f 105 ** 

1 

| f 119 ** 

i 

I f 133 

i 

f 147 

1 

1 f 161 

17 | 

I 

f 106 

1 

| f 120 

i 

I f 134 

i 

f 148 

1 — 
1 f 162 

i 

18 | 

f 107 

l 

1 f 121 

i _ ... . . 

i f 135 

* 1 

f 149 

1 

1 f 1 63 

i 

19 | 

f 108 

1 

I f 122 

i 

1 f 136 

* 1 

f 150 

i 

1 f 164 

1 

20 | 
i 

f 109 

1 — 

I f 123 

1 f 137 

* i 

f 151 

1 

1 f 1 65 

24 | 

fllO 

1 

I f 12 4 

i 

I f 138 

* i 

f 152 

1 

1 f 16 6 

i 

l 

25 | 

fill 

1 

1 f 125 

i 

1 f 13 9 

★ | 

f 153 

1 

[ f 1 67 

i 

1 

26 | 

f 112 

1 “ 

i f 12 6 

1 f 14 0 

* 1 

f 154 

1 

1 f 168 

i 

i 

27 | 

f 113 

i .... - 

| f 127 

I f 14 1 

* | 

f 155 

1 — 
1 f 169 


* TMS data for this file has been digitized and plotted for 
this report. See Appendix A. These files have been used 
extensively in the summarization and characterization of the 
thermal flight data in this report. 

** TMS data for this file has been digitized and plotted 
for Figure 7-1 only. 
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5.3 Miscellaneous Thermal Flight Data 


The data in this category was obtained from workshops, 
conventions, reports, presentations and personal communications. 
The main sources of data were Rockwell-International/C . Pagan and 
C.Rose and JSC/R. Brown. 

Prelaunch, Ascent /Initial Open Door, Entry and Postlanding Phases 
of the missions are covered exclusively by this category 3 
data. The categorization of the data is presented in Tables 5-3 
and 5-4. 


TABLE 5-3 


Misc. Thermal Data 

Categorization 


Mission Phase 

1 

JPL File # | 

Total Files 

P relaunch /Ascent 

i 

f 202a-205n | 

56 

Ascent 

i 

f 2 10-221 | 

12 

On-Orbit 

i 

f 230-243 | 

14 

Entry 

i 

f 2 60-27 0 | 

11 

Postlanding 

i 

f 280-281 | 

2 

PLB Launch/Entry Pressures 

i 

f 2 90-2 91 | 

2 
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TABLE 5-4 

Payload Bay-Prelaunch And Ascent Data 


MSMT # 

i 


Mission Flight 


i 

STS 2 * 

| STS 

3 

STS 4 

1 STS 5 

V34T9310 

i 

f 2 02 a 

| f 2 03 

a 

f 204 a 

| f 2 05 a 

11 

1 

b 

i 

b 

b 

1 b 

12 

i 

c 

i 

c 

c 

1 c 

13 

i 

d 

i 

d 

d 

1 d $ 

14 

i 

e 

i 

e 

e 

1 e 

16 

1 

f 

i 

f $ 

f 

I f 

17 

i 

g 

1 

g 

g 

i g 

18 

i 

h 

i 

h 

h 

1 h 

19 

i 

i 

i 

i 

i 

1 i 

20 

i 

j 

i 

j 

j 

1 j 

24 

i 

k ** 

i 

k 

k 

1 k 

25 

i 

1 

i 

1 

1 

I 1 

26 

i 

m 

i 

m 

m 

1 m 

27 

i 

n 

i 

n 

n 

I n ** 


NOTES: Data from CCT tapes-C . Pagan/Rockwell International. 
* Prelaunch Data only 
** Digitized files in Appendix A 
$ Bad Data 
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5.4 Thermal Flight Data Summary 


A summary of the thermal flight data for categories 1 thru 3 is 
presented in Table 5-5. This table is arranged to show mission 
phases, shuttle attitudes and measurement locations. The 126 
files represented in this table are designated as JPL Flight Data 
Files and are presented in Appendix A. These Flight Data Files 
consist of (1) a numerical tabulation of temperature data points 
versus mission elapsed time and (2) a corresponding graphic 
representation of the data points. The digitized numerical and 
the graphical data are stored on disks and are available to 
interested users. 
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TABLE 5-5 

Summary of JPL Thermal Flight Data Computer Files 


Mission Phase 


Attitude 


PLB Doors 


Msmt Location 


CCT (1) 


TMS (2) 


MISC (3) 


Prelaunch 

l 

| closed 

i 

i 

fwd 

PLB 

I 

1 - 1 

f 202k 


1 

i 

l 

i 

i 

aft 

PLB 

i 


f 205n 

Ascent 

l 

I closed 

i 

aft 

PLB 

| 


f210-221 

On-Orbit 

I Nose 
| Sun 

i 

I open 
1 
i 

i 

i 

fwd 

PLB 

1 f 3 , 6-9 
116,19-22 

i i 

f 23 9-2 42 


l 

1 STS-3 
1 

l 

i 

i 

i 

aft 

PLB 

I fl-2, 14-15 


- 


1 

1 

1 

1 

i 

i 

i 

i 

BLKHDS 

I f 10-13 
123-26 

i i 

- 


1 Top 
I Sun 
1 
l 

j open 
1 
1 
i 

i 

i 

i 

fwd 

PLB 

|f29, 32-35 
1 
1 

I f 102 , 11 6 | 
| 130 , 14 8, | 

1 158 | 

f 2 43 


i 

| STS-3 
1 

i 

1 

1 

i 

i - 

aft 

PLB 

j f 27-28 

— i 

1 - 1 

- 


Bottom 

Sun 

STS-4 


open 


Tail 

Sun 

STS-4 

Tail-Sun 
Orb Rate 
STS-3 


open 


BLKHDS 
fwd PLB 
aft PLB 
BLKHDS 
fwd PLB 


f 36-3 9 
f 42, 47-48 
f 43-45 
f 50-52 


f 55, 59-62 
69,73-76 


f 230-233 
Orb-Rate 


aft PLB 


f 53-58 , 67 
68,70-72 * 


BLKHDS 


f 63-66 
77-80 


f 234 

Orb-Rate 


ZLV YPOP 
XPOP 


open 


fwd PLB 


f 235-238 


STS-3 

Multiple 

Attitude 


open 


fwd PLB 
aft PLB 
BLKHDS 
all 
all 
all 


f 135-137 
f 128 

f 138-141 


Entry 

Post landing 
Pressure 


closed 

closed 

closed 


f 2 60-27 0 
f 280-281 
f 290-291 
14-16 


Fwd PLB Msmt # V34T9312-17-18-1 9- 
BLKHD Msmt # V34T9324-25-26-27 


20 Aft PLB Msmt #V34T9310-11-13- 
*f55 excluded 
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5.5 Thermal Flight Data Listings 


To facilitate referencing with Appendix A, all JPL thermal flight 
data files are listed in Table 5-6 according to file number. This 
tabulation provides the Measurement Number, STS Flight Number, 
Mission Phases, Mission Elapsed Times, Shuttle Attitudes, Max-Min 
Temperatures and Data Source. 
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Table 5-6. JPL Shuttle Thermal Environment Data Files 
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DATA SOURCE 2 = JSC REPORT NO 19956 

DATA SOURCE 3 = WORKSHOPS. CONVENTIONS, FERSONAL COMMUNICATIONS, ETC 



Table 5-6. JPL Shuttle Thermal Environment Data Files (Cont. 
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NOTES (1) DATA SOURCE 1 = COMPUTER COMPATIBILITY TAPE (CCT) 

DATA SOURCE 2 = USC REPORT NO 19956 

DATA SOURCE 3 = WORKSHOPS, CONVENT I ONS, PERSONAL COMMUNICATIONS, ETC 



Table 5-6. JPL Shuttle Thermal Environment Data Files (Cont.) 

JPL TEMP STS MISSION START MET END MET ATTITUDE NO OF MAX TEMP MIN TEMP DATA<1) 

FILE NO SENSOR NO PHASES (HRS) (HRS) DATA PTS (F) (F) SOURCE 

f 75 V34T9319 STS-4 on-orbit 120.00 136.00 tail sun 143 -24. 27 -59. 83 1 
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NOTES (1) DATA SOURCE 1 = COMPUTER COMPATIBILITY TAPE (CCT) 

DATA SOURCE 2 = JSC REPORT NO 19956 

DATA SOURCE 3 = WORKSHOPS. CONVENT I ONS, PERSONAL COMMUNICATIONS, ETC 



Table 5-6. JPL Shuttle Thermal Environment Data Files (Cont. 
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DATA SOURCE 1 = COMPUTER COMPATIBILITY TAPE (CCT) 

DATA SOURCE 2 = JSC REPORT NO 19956 

DATA SOURCE 3 = WORKSHOPS. CONVENT I ONS, PERSONAL COMMUNICATIONS, ETC 


6.0 THERMAL FLIGHT DATA SUMMARIZATION 


This section summarizes the thermal flight data that was 
available to JPL for the preparation of this report. This includes 
the three previously described categories of flight data and 
portions of JSC report 19956 related to the thermal environment 
of the payload bay. The summarization is presented in terms of 
the five mission phases: Prelaunch, Ascent, On-Orbit, Entry, and 
Postlanding. In addition, the thermal flight data for the On- 
Orbit phase of the mission is summarized in terms of the shuttle 
flight attitudes. Excluded from these attitude holds are the 
gravity gradient and other miscellaneous short duration attitude 
modes which yield a limited amount of data . 

For each mission phase and distinct shuttle attitude, the thermal 
flight data is shown on a single plot using a uniform time and 
temperature scale. This facilitates the evaluation of the flight 
to flight temperature variations for a particular phase or 
attitude hold. Table 6-1 provides a listing of the mission phases, 
figures, data files, and related information. Although a large 
amount of thermal flight data is available, the amount that lends 
itself to this form of summarization is relatively limited. 
Hopefully, this summarization of the thermal flight data will 
lead to meaningful conclusions . 
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6.1 Prelaunch Phase 


Prelaunch payload bay temperature data was usually recorded from 
T-24 hours to liftoff. The events for this period are air purge, 
N2 purge and termination of N2 purge. The temperature variation 
usually ranges between 70 and 80 deg F. 

Prelaunch thermal data, in plotted form, for STS Flights 2,3,4, 
and 5 were obtained from Rockwell International (C . Pagan) . All 14 
measurement locations covering the entire payload bay were 
included in this data with two exceptions: Measurement V34T9316 
for STS-3 and V34T9313 for STS-5 were not available due to bad 
data. All 54 files are shown in Table 5-4 and are stored in JPL 
Section 513 computer files. 

All prelaunch thermal data shows a fluctuation in a narrow range. 
The low value of the data was 65 deg F recorded for V34T9324 on 
STS-2. The high value of 80 deg F was recorded for measurement 
V34T9327 on STS-5 at the aft bulkhead. The remaining thermal data 
falls between these values for STS 2 thru 5 for all measurement 
locations. The prelaunch data for these two extreme cases is 
presented in Figure 6-1. The temperature scales were chosen to 
conform to those used in JSC Report 19956 and correlates with 
measurement V34T9312 for STS-3. These wide range temperature 
scales will be used exclusively in this report except where a 
close-up examination of the thermal flight data is desired. 

The prelaunch flight data was studied from an average temperature 
view point as follows : for each flight and measurement location, 
an average temperature was first calculated by taking the 
arithmetic mean of the high and low temperatures. The result of 
this calculation for all 14 measurements is shown in Table 6-2. 
As indicated by these average measurements, V34T9312 and V34T9327 
were consistently high and measurement V34T9324 was consistently 
low. These readings, therefore, were excluded from the definition 
of a bulk average temperature as shown in the table. 

According to the bulk average temperatures, the prelaunch thermal 
environment for the payload bay can be characterized as ranging 
between 70 and 75 deg F. This is well within the expected 
temperature range of the payload bay based on the purge gas 
temperature which is 70 deg F at the supply inlet. 

It is noted, however, that for each of the flights the external 
environment was similar to the payload bay environment; 
therefore, very little variation in the payload bay temperature 
was expected with or without the purge gas . 
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MISSION ELAPSED TIME (HRS) 








TABLE 6-2 
P RE LAUNCH 

AVERAGE PAYLOAD BAY TEMPERATURES - deg F 


Measurement | 

i 

STS-2 | 

STS-3 | 

STS-4 | 

I 

STS-5 

— 1 

V34T9310 | 

i 

70 | 

72.5 | 

- | 

74 | 

75 

1 

11 1 
i 

72.5 | 

74 | 

— - - 1 
76.5 | 

i 

75 

12 | 
i 

74 | 

79 | 

— 1 

79 I 

i 

79 

13 | 
1 

70 i 

74 | 

| 

75 | 

i 

** 

^ 1 

14 | 

i 

69 | 

74 | 

| 

74 | 

i 

75 

16 | 
i 

69 | 

★ * 1 

— 1 

74 | 

75 

1 

17 | 

72.5 | 

74 | 

7 4 | 

i 

75 

18 | 

. _ i 

69 | 

71 | 

1 

74 | 

. . i 

75 

19 | 

i 

70 | 

74 | 

1 

74 | 

i 

75 

1 

20 | 

70 | 

71 I 

1 

72.5 | 

i 

75 

24 | 

67.5 | 

70 | 

1 

71.5 | 

72.5 

25 | 

i 

71.5 | 

74 | 

1 

74 | 

f 

75 

26 | 

69 | 

71 | 

1 

74 | 

i 

74 

l 

27 | 

______ i 

76.5 | 

77.5 | 

1 

79 | 

80 

1 

bulk 1 



1 

1 


average | 

1 

70 | 

73 | 

74 | 

, 

75 


Notes: avg temp defined as midpoint between 
high and low temp readings for msmt 
for prelaunch duration. 


bulk avg temp is arithmetic mean of 
all msmt averages for each flight 
after excluding the two high and low 
readings . 

** bad data . 
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6.2 Ascent Phase 


Temperature data for the ascent and initial open payload bay door 
phases for STS flights were obtained during such significant 
thermal events as decompression cooling, ascent heating, radiator 
flow, and by the space cooling from the payload door opening. 

Flight temperature data for this mission phase is shown in Figure 
6-2. The flight data was taken from 9 measurement locations 
covering the entire payload bay. Twelve data files covering STS 
Flights 1,2, and 3 were used for this plot. Additional ascent data 
covering STS Flights 3,4 and 5 was obtained subsequently and is 
included in JPL f files but is not reflected in the figure due to 
time limitations. 

As indicated in Figure 6-2, the payload bay temperatures show a 
temperature drop at liftoff as a result of the expansion cooling 
of the gas in the payload bay. The extent of this cooling is 
tabulated in Table 6-3 for the indicated flights. 


TABLE 6-3 

Payload Bay Ascent Temperatures - deg F 


I Flight # | 

Msmt # 

i 

Initial Temp 

I Final 

Temp ! 

Temp Drop 

I Time hrs | 

JPL File 

ISTS-1 | 

V34T9311 

1 

1 

78 

1 60 

i 

18 

1 0.02 | 

f 210 

1 1 

17 

i 

80 

1 60 

i 

20 

1 0.03 | 

211 

1 1 

20 

1 

1 

77 

1 59 

1 

18 

1 0.07 | 

212 

ISTS-2 | 

10 

i 

i 

70 

1 50 

i 

20 

1 0.07 | 

213 

1 1 

20 

i 

71 

1 50 

1 

21 

1 0.07 | 

214 

1 1 

25 

! 

1 

71 

1 60 

1 

11 

1 0.05 | 

215 

! 1 

26 

l 

1 

71 

1 43 

1 

28 

1 0.05 | 

216 

1 1 

12 

1 

1 

74 

1 57 

1 

17 

I 0.03 | 

217 

1 1 

ISTS-3 | 

12 

{ 

1 

81 

1 63 

1 

18 

1 0.04 | 

218 

1 1 

18 

l 

1 

73 

I 47 

1 

26 

1 0.07 | 

219 

1 1 

24 

l 

i 

70 

I 60 

1 

10 

1 0.05 | 

220 

1 1 

26 

l 

1 

73 

1 50 

1 

23 

1 0.03 | 

1 i - 

221 
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STS- 1,2,3 FLIGHT DATA 
0 HR - LIFTOFF TIME 






It is noted that decompression cooling gave steep drops in the 
temperatures for short time periods, 0.02 to 0.07 hours after 
liftoff, for all measurements and all flights. The lower value of 
temperature appears to be approximately 43 deg F. A typical 
temperature rise due to ascent heating follows the expansion 
cooling. This is followed by approximately 1 hour of thermal 
equilibrium at a temperature of 63 to 73 deg F with an upper 
value of approximately 83 deg F. The payload bay temperatures 
dropped sharply immediately after the opening of the payload bay 
doors . The transient cooling rates after the door open sequence 
are shown in Table 6-4. These rates ranged between 71 and 193 deg 
F/hr. The rates are dependent on the payload view to space 
(dictated by orbiter attitude) and are also influenced by the 
orbit position where the doors are open (day versus night side) . 


TABLE 6-4 

Payload Bay Door Open Sequence Temperatures 


Flight # | Msmt # 
1 

1 Temp Rate 
Ideg F/hr 

IMin 

Ideg 

Temp | 
F ** | 

JPL File # 

1 

1 

1 

STS-1 | V34T9311 

1 

I - 77 

1 

6 1 

f 210 

i 

1 

I V34T9317 

1 _ 

1 - 71 

1 

3 1 

211 

i 

1 

1 V34T9320 

1-138 * 

| 

■42 | 

212 

i 

1 

STS-2 | V34T9310 

1 - 

I - 98 

1 

37 | 

213 

i 

^ _ j 

1 

1 V34T9312 

| 

I - 193 * 

1 

0 1 

217 

1 


i Notes:* No payload influence contributed to faster response. | 

I** Data V34T9320 , 25, 2 6 for Ascent Phase-STS-2 not received by JPL.I 


Payload bay pressures during the launch phase are shown in Figure 
6-3 for the first 120 seconds after lift-off. This STS-1 data 
shows that the pressure declined rapidly approximately 10 seconds 
after lift-off, from 1 atmosphere to essentially a vacuum in 
about 120 seconds. This data agrees well with the data shown in 
JSC report 07700 Volume XIV, "Space Shuttle System Payload 
Accommodations". The maximum reduction rate occurred at ~40 
seconds and reached - 0.32 psi/sec ( 17 torr/sec) . 

6.3 On-Orbit Phase 

During the On-Orbit Phase of the mission with the payload doors 
open, the thermal environment of the payload bay is 
primarily dependent on the orbiter orientation (attitude) , the 
between the orbital plane of the Orbiter and the 
earth-sun vector (Beta angle), the attitude hold times, and the 
presence of the payload itself. A brief description of flight 
attitudes and payload placement effects on the payload bay 
temperatures is provided in this section prior to the 
presentation of temperature data. 
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FIG. 6-3. PAYLOAD BAY PRESSURES DURING LAUNCH 

JPL FILE NOS P 912/f290 
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STS- 1 FLIGHT DATA 
LIFTOFF 4/12/81 12: I 



6.3.1 On-Orbit Flight Attitudes 

The On-Orbit attitudes are defined in Space Shuttle vehicle 
structural coordinates: -X nose, +X tail, +Z top, -Z bottom, +Y 
starboard side, and -Y port side. The attitude hold types are 
defined as Solar Inertial (SI), Single Axis Inertial (SAI) , 
and Earth Local Vertical (LV) . The angle between the orbital 
plane of the Orbiter and the earth-sun solar vector is 
designated as the Beta angle. 

The Passive Thermal Control attitude (PTC) consists of a 
continuous roll of 2 to 5 revolutions per hour about the X axis 
with the X axis perpendicular to the solar vector. With all 
Beta Angles, this generally provides the most thermally benign 
attitude for the vehicle. 

The Tail To Sun-Payload Bay to Space Orbital Rate attitude 
(+XSAI) subjects the payload bay (depending on the Beta Angle) to 
the coldest environment . 


The Nose to Sun Attitude 
environment for the 
warm environment for the 


(-XSI) provides a relatively cold 
aft and mid-fuselage payload bay and a 
forward fuselage. 


The Starboard Side to Sun attitude (+YSI) subjects the 
starboard side of the payload bay structure to the relatively hot 
environment and the port side to the cold environment 
creating side to side thermal gradients. 

The Payload Bay to Sun attitude (+ZSI) subjects the payload 
bay to the maximum hot environment. 


The Tail to Sun Attitude 
environment for the 
payload bay and a warm 


(+XSI) provides a relatively cold 
forward fuselage and mid-fuselage 
environment for the aft fuselage. 


The On-Orbit flight attitudes and attitude time lines for 
STS-3 thru STS-5 are shown in Figures 6-4 and 6-5 . The 
attitudes flown for STS-3 were a PTC ( thermal conditioning 
mode) before and after the first attitude hold of +XSAI for 24 
hours. This was followed by a -XSI (nose to sun) attitude for 80 
hours. The next attitude, +ZSI (top to sun) was held for 27 
hours, followed by a 12 hour PTC ( thermal conditioning mode) 


6.3.2 Payload Effects 


The cargo of a typical Space Shuttle flight will consist of a 
complement of one or more payloads transported into earth orbit 
to achieve specific mission objectives. The pallet mounted 
payloads are attached to the orbiter by trunnions secured to the 
longeron bridge and keel bridge fittings. The payload 
configuration and its location in the Orbiter bay can reduce the 
view factor of the RTDs to the external environment with 
subsequent attenuation of the temperature data. Variations in 
the temperature profiles of the RTDs in the vicinity of payloads 
may be attributed to this effect. The locations of the 
DFI and OSS-1 payloads for STS-3 are shown in Figure 6-6. 
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Figure 6-4. On-Orbit Flight Attitudes 
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Figure 6-6. STS-3 Locations of OSS-1 and DFI Pallets 


6.4 On-Orbit Temperature Data 

The temperature data for the various On-Orbit attitudes is 
summarized in the following section. 

6.4.1 Top-Sun Attitude Temperatures 

The start and end sequences for the Top-Sun attitudes were first 
identified from the mission time lines for STS Flights 1-5. The 
data files were searched for the measurement that proved to be 
the most responsive and the least influenced by payload 
placement. Measurement V34T9312, located in the forward bottom of 
the payload bay, met these requirements and the data from this 
measurement is representative of the empty payload bay 

environment. Table 6-5 summarizes the flight data files and the 
mission elapsed times for this temperature data and the results 
are plotted in Figure 6-7 . The TMS data is presented in symbolic 
notation and the CCT data is represented by continuous lines. 




Top-Sun 

TABLE 6-5 

Attitude Temperature Files 


1 Flight # | 

Data File # 

1 Mission Elapsed Time (hrs) 


1 3 1 

1 | 

130 * 

1126.15-153.42 


i i 

i i 

29 ** 

1140.65-141.84 


1 1 

243 ** 

1 128.32-143.06 


I 4 | 

144 * 

122.00-25 . 42, 44.02-48.33 


1 5 | 

158 

121.50-23.33 


1 * TMS data 

1 ** CCT Data | 
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FIG. 6-7. TEMP RANGES FOR THE TOP-SUN ATTITUDE 
(MEASUREMENT V34T9312 - FND PLB BOTTOM) 

*** STS-3/F 130 

STS-3/f29,243a; +++ STS-4/f 144; AAA STS-5/f158 
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The data in Figure 6-7 indicates that the Top-Sun steady state 
temperature was established only in STS-3 for a MET of 120-150 
hours. The upper temperature value in this case was 263 deg F 
before correction. No definitive lower value could be discerned 
from the data shown. 

The cyclic nature of the payload bay temperatures, not observable 
from TMS data, was clearly displayed by the CCT data from files 
f 29 and f243 (solid lines) . Good agreement between TMS and CCT 
data was noted for this case. Popular opinion holds that the 
temperature data for the Top-Sun attitude, particularly for 
measurement V34T9312, requires correction for the so-called 
"Greenhouse Effect". 

The Greenhouse Effect assumes that local energy trapping may have 
occurred in the transparent Beta cloth pocket that the RTDs were 
mounted in leading to higher recorded temperature readings than 
the actual temperatures. This correction has not been applied to 
the data in this report. For STS— 1, upper value temperatures 
exceeding 263 deg F are present in TMS data file f!02 for the 
following MET: 


Mission Elapsed 
hrs 

Time | Temperature 
1 deg F 

11.07 

1 280 

11 . 12 

I 285 

22.34 

1 268 

23.01 

1 277 

48.03 

1 274 


STS-1 Data Msmt V34T9312 


The highest recorded temperature was 285 deg F which occurred at 
11.12 MET. Assuming these temperatures are for the Top-Sun 
attitude, they would be expected to be higher than STS-3 values 
due to the lack of Tedlar layer in the RTD pocket that was 
installed on STS-3. 

6.4.2 Bottom-Sun Attitude Temperatures 

The Bottom-Sun Attitude was flown only on STS-4 and the METs for 
this flight attitude were as follows : 

8:46-18:50 MET (Sun Cone Angle 90 deg. Sun Clock Angle 145 deg) 
55:30-78:15 MET (Sun Cone Angle 90 deg. Sun Clock Angle 180 deg) 

The temperature data for these periods are contained in CCT data 
f42 and TMS data file fl44. The collective data is presented 
in graphical form in Figure 6-8. The temperature ranges for this 
attitude are well defined and were between the values of 40 and 
-90 deg F. 
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FIG. 6-8. TEMP RANGES FOR THE BOTTOM-SUN ATTITUDE 

(MEASUREMENT V34T9312 - FWD PLB BOTTOM) 

+++++++ STS-4/fl44 

STS-4/f42 
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6.4.3 Nose-Sun Attitude Temperatures 

The Nose-Sun Attitude was flown on STS-3 and STS-5 for relatively 
long durations as indicated by the mission elapsed times 
indicated below: 

STS-3 45:45-126:09 MET, 2 revs/orbit 
STS-5 79:57-104:02 MET, + 10 deg pitch 

For STS-5 , the Orbiter had a positive pitch attitude of 10 deg. 
The temperature data for this attitude is contained in the 
following files: 

STS-3 CCT data files f 3, 16, 239, 240 

TMS data files fl30 

STS-5 TMS data files fl58 

The data is presented graphically in Figure 6-9. The temperature 
ranges for this attitude are very well defined with a lower value 
of -118 deg F and an upper value of 54 deg F. For STS-5, the 
0rl:) ^ ter,s 10 deg pitch angle did not seem to affect the lower 
temperature value; however, the upper temperature value was 
reduced by as much as 84 deg F (54 to -30) as a result of 
attitude differences. The flight temperatures show good agreement 
between the CCT and TMS data. 

6.4.4 Tail-Sun Attitude Temperatures 

The Tail-Sun Attitude was flown on all five STS missions for 
seven sequences and time durations varying from 2 to 61 hours. 
STS-4 recorded the longest mission elapsed time for this attitude 
hold with the MET of 88.20 to 149.12 hours. The flight data for 
this attitude hold is summarized in Table 6-6. 



TABLE 6-6 

Tail-Sun Attitude Temperature 

Files 

Flight 

1 Mission Elapsed Time 

IData Files 

STS 1 

1 48:29-50:20 

1 f 102* 

2 

147:23-50:28 

116* 

3 

110:55-34:18 (orb rate) 

231 + 

3 

1 164:44-167:38 

1 130*, 

4 

1 48:20-55:30,88:20-149:12 
1 161:21-165:51 

! 144* 

55+, 69+ 

5 

1 115 : 14-118 : 49 

158* 

. l 1 

* TMS data + CCT data 1 


The temperature plots, shown in Figure 6-10, reveal that the 
temperature range for the Tail-Sun SI attitude hold is well 
defined with an upper value of 20 deg F and a lower value of -100 
deg F. The data is consistent and agrees well for all flights. 
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FIG. 6-9. TEMP RANGES FOR THE NOSE-SU 
(MEASUREMENT V34T9312 - FWD PLB BOTTOI 

******* STS-3/f 130; STS-3/f3, 16.239,240 
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FIG. 6-10. TEMP RANGES FOR THE TAIL-SUN ATTITUDE 
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The warmer temperature readings of 55 deg F may be after door 
closure. Although the lower value of temperature for the Tail- 
Sun orbital rate attitude is indicated as -150 deg F by 
measurement V34T9312, a lower temperature of -159 deg F was 
recorded by measurement V34T9318 which is located on the port 
side forward liner in the payload bay for approximately the same 
flight conditions. This is indicated by data file fl35 or f232 at 
approximately 31.26 hours MET. Not shown on the plot is a 
singular temperature reading of -187 deg F recorded by 
measurement V34T9325 which is located on the starboard side of 
the forward bulkhead . This temperature occurred on STS-4 during a 
maneuver to obtain a Bottom-Sun Attitude for the bakeout of the 
orbiter tiles at approximately 8.15 hours MET and shows up as a 
single data point in file f 51 . 

6.4.5 Starboard-Sun Attitude Temperatures 

This attitude was flown only on STS-5 for a MET duration of about 
47 hours, from 33:08-79:57. The temperature data presented in 
Figure 6-11 was obtained from JSC Report 19956 which indicates a 
temperature range of 26 to -120 deg F. 

6.4.6 ZLV Attitude Temperatures 

This attitude, with the payload bay facing the earth, was flown 
eleven times during flights of STS-1,2,4 and 5. The flight 
variations for this attitude and other specifics are given in 
Table 6-7. 


| TABLE 6-7 1 

| +ZLV Attitude Temperature Files 1 

. 1 

1 

| Flight # 

1 

Attitude 


| Mission Elapsed Time 1 

JPL Data Files 1 

1 STS 1 

| +ZLV 
1 

YPOP Tail 

V 

13:11:30-6:48:56 1 

112:07:56-21:34:56 1 

f 102 1 


1 

| +ZLV 

YPOP Tail 

V 

11:12:07:56-1:21:43:56 | 

f 102 I 

1 2 

| +ZLV 
1 

i * 

YPOP Nose 

V 

14:15-7:35 1 
112:35:00-1:11:15:00 1 
11:12:55:00-1:23:21:00 1 

116 1 

1 4 

| +ZLV 
1 

XPOP Stbd 

V 

| 18:50-22:00 1 

| 32:45-44:01 1 

144 1 

1 5 

| +ZLV 

i 

i 

YPOP Nose 

V 

13:34:00-7:30:00 1 
111:15:00-1:00:35:00 1 
11:02:58:00-1:07:37:00 1 

158 1 

I * Beta 

Angle - 

= -51.4 to 

-47 

. 1 deg 



In summarizing the flight data for the -ZLV attitude, no 
distinction was made for the attitude variations except between 
the YPOP and XPOP attitudes. As a result, all -ZLV YPOP data is 
presented in Figure 6-12. All the temperature data for this 
attitude appears to fall within the range of +8 and +75 deg F. 
The identical data is repeated in Figure 6-13 where it serves as 
background for the XPOP data which is shown in large cross 
symbols . 
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FIG. 6-12. TEMP RANGES FOR +ZLV YPOP ATTITUDE 
(MEASUREMENT V34T9312 - FWD PLB BOTTOM) 
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FIG. 6-13. TEMP RANGES FOR THE +ZLV XPOP ATTITUDE 
(MEASUREMENT V34T93 12 - FWD PLB BOTTOM) 

... STS-l/f 102; ... STS-2/f 1 16 
r, ++♦ 5TS-4/fl44; ... STS-5/f158 
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6.4.7 PTC Attitude Temperature Data 


This Passive Thermal Control attitude was flown seven times in 
four flights as indicated in Table 6-8 . 


| TABLE 6-8 1 

| PTC Attitude Temperature Data 1 

. 1 

1 

| Flight # 

| Mission elapsed Time 

| JPL Data File 

i 

I STS 1 

■ 1 “ — ~ ~ — “ — — “ 
130:50-32:57 

I f 102 


1 3 

i — - — — 

| 3:19-6:44, 34:18-45:45, 153:2 6-162:40, 

I 130 



1171:15-185:16* 

i 


1 4 

“ | “ 

J 78:15-88:2 0,14 9:02-149:24 

| 144 


1 5 

1 

■ i — ~ 

1104:03-114:58 

| 158 

_ i 

i “ 1 — i 1 

| * no data 1 

i 1 


The only data available for this attitude is contained in JSC 
Report 19956. This report does not show data for the MET period 
171:15-185:16 for STS-3. Also, data from this report for STS-1, 
MET 30:50-32:57, STS-3, MET 3:19-6:44, and STS-4, MET 78:15- 
88:20, are not presented due to their short durations and 
proximities to warm attitudes. 

The temperature data for this flight attitude is shown in Figure 
6-14. Except for the two cooldown periods from hot attitudes for 
STS-3, all data appears to fall within the range of -53 to +60 
deg F . 

6.5 Entry And Postlanding Phase 

Figure 6-15 provides an overall look at the temperature data for 
this mission phase for all available data from all flights. This 
data is contained in JPL files f260-270. Detailed views of the 
temperatures for STS-1 and 2 are shown in Figure 6-16 and in 
Figure 6-17 for STS-3. 

The entry temperature data was collected from various 
presentations and reports and is contained in eleven files, 
f260-270 for STS-1, 2, and 3. This data is for seven measurements, 
V34T9310-13 , 18 , 25, and 27 covering the entire payload bay. This 
collection of data, presented as a single plot in Figure 6-15, 
gives an overall and comparative view of the available data. It 
is noted that the temperature scale is enlarged to enhance the 
data and the common time scale has placed the STS-3 data away 
from the STS-1 and 2 data. Portions of the data from Figure 6-15 
are expanded in Figures 6-16 and 6-17 to show the results of the 
major thermal events of this mission phase; namely, both the 
entry heating and the gas purge of the payload bay. The data in 
these figures indicates that the entry heat continued to affect 
the payload bay till the time of touchdown. Approximately 40 
minutes after touchdown, the payload bay temperatures were 
influenced by the ground purge system. The effect of this 
soakback heating, on the payload bay liners, was largely 
attenuated by the thermal insulation and suppressed by the ground 
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MISSION DURATIONS WERE DIFFERENT 





STS- 1,2 FLIGHT DATA 
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FIG. 6- 17. STS-3 ENTRY PLB LINER TEMPERATURES 
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(j) 0jnaQjsdaiaj_ 


59 


STS-3 FLIGHT DATA 
LIFTOFF TIME 3/22/82 16: 




purge for this nominal entry condition. 


The extent of the entry heating of the payload bay liners 
resulted in temperatures of 85 deg F for STS-3 and 92 deg F for 
STS-1 . Available data indicates that the experienced entry 
environment for the payload bay liners can be described as 
benign. It should be pointed out, however, that the design entry 
conditions were not flown and it is possible that temperatures 
for these entry trajectories will be much more severe. 

The postlanding temperature data is contained in files f280 and 
281. The most complete set of data exists for STS-1 for 
Measurement V34T9312 in file f280. Measurement V34T9312 measures 
the liner temperature at the bottom of the forward payload bay 
from, the time of touchdown for a period of 25 hours and is shown 
in Figure 6-18. The effect of heat soakback, that is, the heating 
of the payload bay area by the release of the energy that was 
stored in the mid— fuselage structure during the entry phase {may 
also be partially due to solar heating) is clearly revealed in 
this plot for the period following touchdown. This soakback 
temperature stabilized at about 75 deg F at which time the 
natural cooling of the outside environment begins to take effect. 
The temperature rise at 22 hours after touchdown is due to solar 
heating on the day following the landing. It would be of 
interest to compare this set of data with entry and postlanding 
data for other flights to establish a worst case analysis, to 
determine if the temperature level of 220 deg F for this mission 
phase needs to be revised downward for JSC 07700 , Vol . XIV, ”STS 
Payload Accommodations", ICD 2-19001, Pages 6-8. 

The pressure rise in the payload bay during the entry phase for 
STS-2 is shown in Figure 6-19. This pressure data was obtained 
from R.G. Brown's personal data file book and is stored in JPL 
file f291. The PLB pressures rose from 0.81 psia at 1649.14 sec 
to 13.25 psia at 1940.65 sec from entry. This is an approximate 
rate of rise of 0.043 psi/sec or 2.21 torr/sec. This data 
compares favorably with the pressure data presented in Volume 
XIV. 
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FIG. 6- 19. PAYLOAD BAY COMPT PRESS 2 NO 83 

STS-2 ENTRY FLIGHT DATA; MEASUREMENT V07P9085A 
JPL FILE NOS P 9 13/f29 1 
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7.0 THERMAL FLIGHT DATA CHARACTERIZATION 


This section of the report presents the characterization of the 
thermal flight data. Unique features, general trends and 
temperature values are discussed and presented in graphical 
form. This characterization is limited to the On-Orbit Phase of 
the flight missions. Characterization of the Prelaunch, 
Ascent, Entry and Postlanding Phases were not performed since the 
trends, values and ranges, flight to flight variations and 
thermal features were all fairly regular and well defined as 
evidenced from the previous section of this report. 

In developing the flight data characterization, attention was 
concentrated on seven major areas: 

. Payload Influences. 

. Longitudinal Temperature Variations. 

. Circumferential Temperature Variations. 

. Cyclic Temperature Data. 

. Sun Effects and Orbiter Attitudes. 

. Temperature Ranges and Temperature Extremes. 

. Temperature Data Comparisons- Vol. XIV and Flight Data. 

The results of the characterization are presented in this section 
with the aid of the data plots summarized in Table 7-1. 
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MPtfi A file name foreflxed with the letter p Indicates the plot program In Fortran language used to generate the plot by 
the Hewlett-Packard 7470A Two-Pen Plotter at JPL. Prefix g Indicates the corresponding graphics module. 



7.1 Payload Influence On Temperature 

The influence of the payloads on the payload bay temperatures was 
studied by comparing temperature data measurements far from the 
payloads (empty bay responses) with those in proximity of the 
payloads (fwd and aft) . A summary table of the data obtained in 
the payload influence study for STS-1, STS-2, and STS-3 is 
presented in Table 7-2. 


TABLE 7-2 

Payload Influence on Temperature 
STS-1 STS-2 STS-3 


Figure Ref I Msmt Location 


7-1 I STS-1, STS-2 Bot PLB 
a,b | 

I 


I Payload | Fwd Msmt | Aft Msmt 

| I | 

I DFI , ACIP | V34T9312 IV34T9316 

IOSTA-1 | | 


7-2 


7-3 


I STS-3 Bulkheads 

I 

I STS-3 Fwd PLB 


DFI , OSS-1 1 V34T932 4,25 

| 

Tool Box I V34T9312, 19, 20 


V34T932 6, 27 


It is evident from Figures 7-1 thru 7-3 that the overall 
influence of the DFI, OSTA-1, OSS-1 and the tool box payloads in 
the proximity of a temperature sensor render a dampening effect 
on the temperature. The payload bay upper temperature value was 
reduced and the lower temperature value was higher than where no 
payload influence exists. This would indicate that the payload 
blockage of the temperature sensor's view of the Sun or deep 
space has a moderating effect on the temperature data recorded 
for the payload bay liner. Table 7-3 summarizes the main 
features of the payload influence effect for STS-1, STS-2, and 


1 






1 

1 

1 

I 

TABLE 7-3 

Payload Influence on Tenperature , Main Features 
STS-1 STS-2 STS-3 


1 Figure Ref | Attitude 

1 Msmt Location 

1 Payload 

1 P/L Inf 

Deg F | 





1 Hot 

Cold | 

1 STS-1 
1 7-1 a 

1 +ZLV YPOP 
1 

1 Fwd-Aft 

1 Bottom Bay Liner 

1 DFI, ACIP 
1 etc 

1 Small* 

+ 45 | 

1 STS-2 
1 7-1 b 

1 +ZLV Nose 
1 

V| Fwd-Aft 

1 Bottom Bay Liner 

1 DFI, ACIP 
1 OSTA-1 etc. 

1 Small* 
1 

Small* | 

1 

1 STS-3 
1 7-2 

1 Nose-Sun 
1 

1 Fwd-Aft 

1 Bulkheads 

1 DFI, OSS-1 
1 etc 

1 

1 -84 
1 -60 

, 

+ 47 | 

+ 4 6 | 



“ ™ | 

j 

I — i 



1 Top-Sun 

i 

1 

1 1 
1 Neglble | 

1 

+ 48 | 

1 STS-3 
1 7-3 

1 Nose-Sun 
1 

■— I — — — — — 

1 Fwd Liner 

1 

. - i - - 

1 Tool Box 
1 

i 1 

1 -50 | 

1 1 

1 

+ 60 | 
1 

1 *For IMU 

Alinement & 

, ! 

RCS Attitudes data shows P/L Infl up 

to 194 Deg F | 
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TIME (HRS) AFTER BASE TIME 




FIG. 7-3. PAYLOAD INFLUENCE/EFFECT OF THE TOOLBOX 
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It is evident from this table, that it will be difficult to 
rationally quantify the influence of the payloads on the 
temperature in the liner because of the configuration and 
properties of the payloads . This also shows a definite need for 
an integrated thermal analysis of a mathematical model configured 
with the payload and payload bay as a single entity to determine 
the temperature sensitivity to payload configuration, properties, 
and location. 

A similar study was made for the STS-4 payload bay liner and 
bulkhead temperature data as influenced by the following 
payloads: DFI, IECM(Induced Environment Contamination Monitor), 
DATE, DOD-82-1 and others. As in STS-3, the payloads were 
located, for the most part in the aft section of the payload bay. 
Table 7-4 provides a summary of the data utilized for this study 
and Figures 7-4 thru 7-7 present the results graphically. The 
dampening effect of the payloads on the temperature sensors was 
not as pronounced in STS-4, when compared to STS-3. 


TABLE 7-4 

Payload Influence on Temperature 
STS-4 



Figure 

Refj Attitude 

i 

1 MSMT # 

1 

Location 

Temp Diff Deg F 

Payload 

7-4 

I Tail-Sun 

1 

1 

1 V34T9312, 

1 18,20 
i _ _ _ _ 

Fwd Bot 
& Side 

- 13 
to 

[ + 56 
1 to 

DFI 


i 

1 

I 

I V34T9316 

Aft Bottom 

- 14 

1 + 63 

IECM 

7-5 

1 

1 Bottom-Sun 
j 

1 V34T9312 
1 — 

Fwd Bottom 

-5 

I +77 



i 

i 

1 

1 V34T9316 

Aft Bottom 

-5 

I +77 



1 Tail-Sun 
| 

1 

i 

i 


-12 

1 +59 



i 

i 


-20 

1 +46 


7-6 

l 

1 Bottom-Sun 
1 
| 

1 V34T9324, 

1 25 

1 — — _ 

Fwd 

Blkhd 

+8 * 

1 +50 



1 

1 

i 

1 V34T9326, 
1 27 

Aft 

Blkhd 





1 Tail-Sun 
| 

~ I 
1 
1 


-14 

1 +10 



1 

1 


-10 

1 +9 


7-7 

1 Bottom-Sun 
1 

1 V34T9319, 
1 20 

Strbd Side 
Liner 

+ 16 * 

1 + 6 



I 

I Tail-Sun 

1 

1 


+14 * 

1 -4 * 



* opposite of expected trend due to shading by tool box and/or payloads 
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7.2 Longitudinal Temperature Variations 


The flight temperature data was studied for variations along the 
X axis of the orbiter from station Xo=576 at the forward 
bulkhead to station Xo= 1307 at the rear bulkhead. Variations in 
thermal properties and installation were not evaluated in the 
study and flight data is presented as recorded. The only 
significant length of time for which a hot case thermal 
equilibrium was established for the payload bay liner occurred in 
STS-3 with a Top-Sun Attitude at a MET of 126:09 to 153:00 hours. 
The specifics are tabulated in Table 7-5 and the graphical 
results are shown in Figures 7-8 and 7-9. It is noted that the 
bottom liner measurements V34T9312, V34T9316 were not included in 
this data set since these temperature variations were covered 
under payload effects. Since measurements V34T9313 and V34T9314 
were installed underneath the filter flanges instead of above 
them, this data was also excluded . All data used was obtained 
from TMS tapes, JSC Report 19956. 


TABLE 7-5 

Longitudinal Temperature Variations STS-3 


Measurement # 

| Xo Station 

i ■ 

1 

Attitude 

i - i 

(Mission Elapsed Time 1 

JPL Data File 

V34T9324 

1 576 

1 

Top-Sun 

1126:09-153:00 hrs 1 

f 138 I 

25 

1 

1 

1 


i i 

139 

20 

| 670 

1 

1 


i i 

137 

19 

i 

1 

1 


i i 

136 

18 

I 850 

1 


i i 

i I 

135 

10 * 

I 1215 

1 


i i 

128 

26 

| 1307 

1 


i i 

I i 

140 

27 

1 

1 

1 

. i . 


i i 

- 1 - - i . 

141 


*V34t9310 installed on the wire tray . Included to complete data set. 


The data shown in Figure 7-8 indicates that the temperature may 
vary in a wide range at each longitudinal station (from + 143 Deg 
F 0 MET=1 52 hrs to - 62 Deg F @ MET=144 hrs deg F at Xo=850) 
depending on the orbiter attitude relative to the sun. The upper 
temperature values, however, show less variation with the largest 
difference occurring at the aft bulkhead. This difference is 
shown by measurement V34T9310 at station Xo=1215 on the port side 
liner which was approximately 29 deg F greater than measurement 
V34T9327 on the aft bulkhead at station Xo=1307 . At the forward 
bulkhead, this variation was on the order of 22 deg F. To 
delineate this variation further, the temperature data for the 
port side only was plotted in Figure 7-9. Thus, the temperature 
differences between the port and starboard side are eliminated 
and the port side temperature is more complete with respect to 
the longitudinal station coordinate. The longitudinal variation 
at the forward bulkhead is then almost non-existent. At the aft 
bulkhead, however, the same variation remains and is logically 
attributed to the influence of the payloads. 
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7.3 Circumferential Temperature Variations 

Aft payload bay temperature data for STS-4, obtained from 
measurements V34T9313, 14 and 16 is plotted in Figure 7-10. As 

seen in this figure, the data has a tendency to overlap for each 
attitude hold which indicates a weak dependence of temperature on 
the bay circumferential angle. The steady-state portion of the 
Tail-Sun data was enlarged for a closer examination in Figure 7- 
11. The variation in temperature in the circumferential direction 
was approximately 5 deg F. This would indicate that the view out 
of the payload bay does not appear to significantly alter the 
temperature data with the bay circumferential angle for these 
specific attitudes. However, payload effects may influence this 
conclusion . 

The circumferential temperature variation is again examined in 
Figure 7-12 for the forward payload bay using STS-3 data. The 
measurements used were V34T9312 and V34T9320. V34T9319 data was 
not used since this was influenced by the tool box payload. As 
indicated in the figure, there is a weak dependence of 
temperature on bay circumferential angle. For the Nose-Sun 
attitude, the temperature readings from V34T9312 at the bottom of 
the payload bay and from V34T9320 on the payload vertical wall 
are approximately the same. This would indicate that the 
temperature environment is independent of the bay angle for the 
Nose-Sun attitude. For the Top-Sun attitude , however, the 
temperature variation indicates a strong dependence on the bay 
circumferential angle. This dependence is examined more closely 
in Figure 7-13 which used additional data from JSC Report 19956. 
The circumferential variations in this case were found to be 
approximately 117 deg F. 

7.4 Orbital Temperature Variations 

For this section, a mini-study consisting of the following tasks 
was performed: 

CCT and TMS data were examined to determine the level of 
agreement between these data sets. 

Payload bay temperature data was examined for orbital variations. 

TMS data which, in general, is not suitable for curve fitting or 
drawing conclusions about orbital variations in payload bay 
temperatures was examined to determine if it could be used to 
determine overall temperature ranges, general temperature 
trends, and radiative thermal environments. This would have the 
advantage of not having to resort to the voluminous and hard to 
handle CCT data. 


For this study, STS-3 and measurement V34T9312, which is located 
at the forward bottom of the payload bay provided the most 
informative data. The JPL data files used were: 

.TMS data File fl30 

.CCT data Files f 3, 16, 29, 231, 239, 240, 243a 
All the above flight data is shown in Figure 7-14. A "zoomed" 
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FIG. 7-12. CIRCUMF VARIATIONS/STS-3 PLB LINER TEMPS 
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FIG. 7- 14. ORBITAL VARIATIONS OF THE PLB TEMPS 
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look at this data is presented in Figure 7-15, which used data 
files f3, 16, 29, 130 and 243. 

It is clear from Figure 7-14 that the CCT and TMS data match 
well both for the Nose-Sun and Top-Sun attitudes where the 
greatest amount of data exists. In the Tail-Sun Orb Rate 
attitude, the cold portion of the orbit, there is again good 
agreement. The upper temperature values, however, vary 
considerably. The mismatch for this portion of the data remains 
to be explained. The CCT data files appear to be in good 
agreement among themselves in terms of files merging into each 
other (f 3, 239 and 240) or files duplicating each other (f 29 and 
243) . 

The orbital variation of the payload bay temperature , shown in 
Figure 7-15 for the steady state condition, clearly reveals the 
cyclic nature of the temperature variation. Consistency also 
exists in the orbital period for both the Nose-Sun and Top-Sun 
attitudes . 

It is evident from Figures 7-14 and 7-15 that, given enough TMS 
data over time, the TMS data alone could be used to define the 
temperature ranges and general trends. Also the upper and lower 
temperature values could be established via TMS data alone and 
the results would be essentially the same as those established by 
using both the TMS and CCT data simultaneously. 

7.5 Attitude Temperature Variations 

Representative flight temperature data for each shuttle attitude 
was chosen from the data files and plotted as shown in Figure 7- 
16. The primary objective was to show the relative steady state 
temperature levels as a function of shuttle attitude. Table 7-6 


provides the particulars on 

the flights, data files. 

etc . 


i — 

i 

i 


Attitude 

TABLE 7-6 

Temperature Variations 



| Attitude 

i 

Mission 

| Mission Elapsed Time 

| Data File 

| Msmt # 1 

| Nose- Sun 

i 

STS-3 

1 “ r 

| 104-116, 112-122 

i 

| f 3, f 239 

I V34T9312 

I Bottom-Sun 

i 

STS-4 

1 

| 8-22 

I f 42 

1 

| Tail-Sun 

1 


1 

| 120-136 

I f 69 

i 

1 

1 

I PTC 

1 


i ■ — — 

178:15-88:20 

1 

| f 1 4 4 

1 — 

1 

1 

j Stbrd-Sun 

1 

STS-5 

133:09-79:57 

i 

I f 158 

I _ 

1 

1 

l+ZLV YPOP Tail 

V | 

STS-1 

| 12-24 

I f 235 

I 

1 

1 

l+ZLV YPOP Nose 

v | 

STS-2 

120-40 

| f 238 

1 - - - 

l 

1 

| Top-Sun 
1 

! 

STS-3 

I 128-143 

i 

1 f 2 43 

1 

1 

1 


As shown in Figure 7-16, the Top-Sun Attitude temperatures were 
unique as expected. As a result of solar heating, the 
temperatures for this attitude exceeded the ranges for any other 
attitude. The upper value temperature for this attitude was 263 


84 



FIG. 7-16. EFFECT OF THE SUN (SHUTTLE ATTITUDES) 
(MEASUREMENT V34T9312 - FWD PLB BOTTOM) 
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— STS-3/f3 NOSE SUN; — STS-4/f69 TAIL SUN; — STS- 1/f235 +ZLV YPOP 
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deg F and the lower value was 30 deg F. The temperature range was 
233 deg F. With the exception of the Top-Sun attitude, the 
temperature ranges for all other attitudes were between -143 and 
+78 deg F. These ranges decreased to -116 to +56 deg F if the 
Tail-Sun orbital rate and the +ZLV YPOP Tail V attitudes were 
excluded from consideration. 

The coldest attitude flown was the Tail-Sun Orbital Rate 
Attitude. The lower temperature value for this attitude was -143 
deg F. Other temperature extremes are discussed in subsequent 
paragraphs . 

The most benign attitudes flown were the +ZLV YPOP Attitudes. The 
majority of the temperature data for these attitudes was between 
0 and 7 8 deg F . 

It should be noted that the Greenhouse Effect, where solar energy 
might be entrapped in the temperature sensor installation as a 
result of the wave length differences between the transmitted 
heat flux and the emitted heat flux, was not compensated for in 
the presented data . 

7 . 6 Temperature Ranges 

Figure 7-17 is a plot of temperature data recorded by measurement 
V34T9312, the fastest response measurement in the payload bay. 
The data used for this plot was obtained from JSC Report 19956. 
This data included all attitudes for flights STS-1 thru 5. The 
time periods covered were from lift-off to entry. Additional data 
from JPL file fl35 for measurement V34T9318 on STS-3 was added to 
this group to cover the cold temperature extremes. The purpose of 
this plot is to present a graphical display of the full range of 
payload bay temperatures in a single setting. 

As indicated by this data, the majority of the data, covering all 
shuttle attitudes, ranged between -117 and +81 deg F. For the 
Top-Sun attitude, the upper value recorded was 263 deg F by 
measurement V34T9312 on STS-3. The low value of temperature in 
the figure is -159 deg F which occurred on STS-3, with the Tail- 
Sun Orbital Rate Attitude and was recorded by V34T9318. 
Circumferential view factor effects, forward bulkhead 
blockage, and payload blockage may have resulted in compensating 
effects which caused V34T931 (side liner) to be colder than 
V34T9312 (bottom liner). It is surprising to note that the coldest 
reading on any JPL file was from neither of these 
measurement s . The coldest temperature recorded was for STS-4 by 
measurement V34T9325, with a Bottom-Sun attitude. This data in 
JPL file f51 shows a temperature of -187 deg F on the forward 
bulkhead. This occurs as a single data point and raises a 
question as to its validity. (D . Coronado/Rockwell 
International/Houston submitted the following explanation on 
8/26/87 :The low Beta Tail-Sun Orb rate with Top to Space attitude 
maintained a limited view of the earth at all times. The Bottom 
to Sun SI attitude, however, provided a full view to space during 
the night side pass. It is possible that the minimum temperature 
registered on the forward bulkhead liner is valid.) 

The high value of temperature was 285 deg F, recorded by 
measurement V34T9312 on STS-1 during a brief attitude excursion. 
This data is stored in JPL data file f 102 . The reason for this 
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FIG. 7-17. PAYLOAD BAY TEMPERATURE RANGES 

MEASUREMENTS V34T9312, 18 DATA; JSC REP 19956 
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extreme temperature is not clear and may be due to the Greenhouse 
Effect . 

The upper and lower temperature values in the payload bay for all 
phases of the mission and for all major orbiter attitudes flown 
for STS Flights 1 thru 5 are summarized in Table 7-7. 
Corresponding figures from Volume XIV are also included for 
reference . 


TABLE 7-7 

Summary of Temperature Ranges 


Mission Phase 

1 Recorded Temperatures 

deg F 

I Figure 


Remarks 


i 

| Maximum 

Minimum 

i 

i 




i 

1 JPL 

1 

| Vol XIV 
1 

JPL 

i 

| Vol XIV 

i 



Prelaunch 

1 80 

1 

1 120 (3) 

i 

65 

1 40 (3) 

1 6-1 



Ascent 

1 83 

1 

1 150 (3) 

i 

43 

I 40 

| 6-2 



Top-Sun 

1263 (1) 

1 

I 200 (2) 

-20 

1-250 (3) 

I 6-7 



Tail-Sun 

! 55 

1 

| 200 

-100 

1 -250 

I 6-10 



Tail-Sun Orb Rate 

i 55 

I 200 

-150 

I -250 

I 6-10 



Bottom-Sun 

1 40 

1 200 

-90 

1-250 

1 6-8 



Nose-Sun 

i 54 

I 200 

-118 

1-250 

! 6-9 



Stbd- Sun 

1 55 

1 200 

-120 

1-250 

I 6-11 



+ ZLV YPOP 

1 110 

1 200 

-100 

1-250 

I 6-12 



+ZLV XPOP 

1 65 

I 200 

-84 

1-250 

I 6-13 



PTC 

1 140 

! 200 

-80 

1 -250 

I 6-14 



Entry 

1 92 

1220 (4) 

- 

1 -50 

j 6-15-17 



Post landing 

1 75 

1220 

- 

1-50 

| 6-18 




(1) no greenhouse effect compensation (2) may be low specification 
(3) conservative (4) May be high specification 
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8.0 FLIGHT DATA - PREDICTION MODEL CORRELATIONS 

This section of the report reviews the correlation between the 
temperatures predicted by the Thermal Math Models (TMM) and the 
temperature measurements obtained from STS-1 thru 5 flight data. 

A brief description of the TMMs is followed by the results of the 
correlation work performed by Rockwell International/Houston. A 
summary of the differences between the TMMs and the actual flight 
data is followed by a discussion of the baseline changes made to 
the TMMs to improve the predictions for future flights. 

8 . 1 The Thermal Math Models 

The TMMs used for an integrated thermal analysis of the payloads 
and the orbiter for a prescribed thermal environment are well 
documented in the following reports: 

JSC Report ES3-76-1 Orbiter Mid-Section Payload Bay Thermal Math Model 

Description (Model # SSX001D) , June, 1983. 

JSC Report ES3-77-3 390 Node Atmospheric Orbiter Mid-Section/Payload Bay 

Thermal Math Model Description (Model #SSX002D) , 
September, 1983. 

JSC Report 19540A Open Door Simplified Orbiter Thermal Simulator 

Description, October, 1985. 


JSC Report 19692A Closed Door Simplified Orbiter Thermal Simulator 

Description, August, 1985. 


The SSX001 Model was developed by NASA and Rockwell 
International/Houston and is generally referred to as the 390 
node model. It simulates the orbiter midsection/payload bay in an 
open door configuration and is intended for the modeling of the 
On-Orbit phases and attitudes of the mission. This TMM simulates 
the : 

Thermal Protection Subsystem (TPS) - External Insulation. 
Mid-Fuselage and Aft-Fuselage Structure. 

Payload Bay Doors-Radiators and Wings. 

Payload Bay Liners-Wire Trays-Bulkheads and Longerons. 

The SSX002D Model is similar to the first. It simulates the 
or k^ er mid-section/payload bay with the payload bay doors 
closed. This model is suitable for prelaunch, ascent entry and 
the postlanding phases of the mission but does not consider the 
effect of the Sun, Planet or Space. 

The latter two models, derived from the 390 node model, are 
referred to as SOTs and document 3 describes this model as: 

"This new tool is not a model, in the usual sense, but rather a 
fl® x it>le thermal characterization of the orbiter designed to 
allow the user to build the model, in any given thermal analyzer 
format, and with node size granularity tailored (within given 
constraints) to the unique payload configuration. The payload bay 


c- a- 
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is divided into a minimum number of thermal zones defined as areas 
having uniform thermal characteristics throughout. For orbiter 
elements outside the bay, the user has the option of defining the 
areas as thermal boundaries with temperatures driven to represent 
the effect of the external environment , or modeling the orbiter 
elements and calculating temperatures based on the orbital 
environments . ” 

By using the SOT models, the point of focus for thermal modeling 
is moved from the orbiter payload bay to the payloads themselves. 
These models provide a convenient method of prescribing the 
boundary conditions for the payload thermal math models. 

The correlation performed by Rockwell International/Houston, for 
the midsection of the orbiter, and the portion reviewed and 
presented in this report for the payload environment definition, 
were based on the 390 node TMMs, both the open and closed door 
versions. The SOT models were not used. 

8.2 Flight Data - TMM Prediction Correlation 

The correlation between the temperatures predicted by the 390 
node TMMs and the actual measured flight temperatures is mainly 
documented in the following two reports: 

SEH-ITA-82-277 Preliminary 390 Node Thermal Math Model Correlation 
Report, Rockwell International/Houston, Rose/Payne, 
13 October, 1983. 

SEH-ITA-82-111T 390 Node/OSTA/DFI Integrated Thermal Math Model 

STS-2 Comparison, Rockwell International/Houston, 
Internal Ltr, 28 April, 1982. 

The flight temperature data used for this correlation was for 
STS-2, 3, and 5. The correlation is presented using reproduced 
plots from the above reports and is limited to the payload bay 
proper, including the bay liners, the wire trays, and the forward 
and aft bulkheads . 

8.2.1 Correlation of Prelaunch Data 

The correlation of the predicted and flight data for this mission 
phase is shown in Figure 8-1. Flight data from measurement 
V34T9324 on STS-2 and measurement V34T9327 on STS-5 were compared 
with the corresponding TMM data. These measurements were chosen 
because they represented the high and low extremes of all the 
prelaunch temperature data. The flight temperature data was 
taken from JPL files f202k and f205n. The predicted TMM 
temperatures were taken to be the gaseous nitrogen purge 
temperatures at the purge inlet shortly before lift-off. The 
data in Figure 8-1 shows that the temperatures correlate within 3 
deg F under a nominal benign external thermal environment. 

8.2.2 Correlation of Ascent Data 

The correlation of the ascent flight data with the TMM 
predictions is shown in Figures 8-2 thru 8-8. The details on the 
specifics for these correlations are summarized in Table 8-1. 
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figure 8-3. FORWARD BULKHEAD STS-2 FLIGHT DATA VS. 390 TMM 
(NODE 499) PREDICTIONS FOR ASCENT 
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FIGURE 8-4. AFT BULKHEAD TCS STS-2 FLIGHT DATA VS. 390 TMM 
(NODE 929) PREDICTIONS FOR ASCENT 


94 



TEMPERATURE 


COW** ISON or 5T5-3 ruCHT 0*7* V5 390 NOOC TUN TCW*DW»TU*CS »*SCCNTi 
CU*VC TITUS 


NOOC 599 - LltC* 



TIME -(HOURS) 


figure 8-5. "Baseline" and "Revised" 390 Node TMM Liner Ascent 
Predictions (Node 599) vs. STS-3 Flight Data 
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"Baseline" and "Revised" 390 Node TMM Liner (Node 539) 
Ascent Predictions vs. STS-3 Flight Data 
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figure 8-7. "Baseline" and "Revised" 390 Node TIW Forward Bulkhead 

Insulation (Node 479) Ascent Predictions vs. STS-3 Flight Data 
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FIGURE 8-8. 


“Baseline" and "Revised" 390 Node TMM Aft Bulkhead Insulation 
(Node 929) Ascent Predictions vs. STS-3 Flight Data 
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TABLE 8-1 

Ascent Phase Temperature Correlations 


Figure 

i 

Mission Phase 

i 

Flight 

1 Msmt # 

| Msmt Location 

I Reference 

8-2 

i 

Ascent 

i 

I 

STS-2 

- 1 — - 

1 V34T9320 

- 1 

|Fwd Side Liner 

I SEH-ITA-82 
1 -HIT 

8-3 

i 


i 

i 

i 


1 - - — - 
I V34T9325 

i — 

- 1 

IFwd Blkhd 

8-4 

i 


i 

i 


1 

I V34T932 6 

. i 

1 

1 Aft Blkhd 

i 


8-5 

i 


l 

i 

i 

STS-3 

l 

1 V34T9312 

1 — 

1 Bot Liner 

i 

1 SEH-ITA-82 
1-277 

8-6 

i 


i 

i 

i 


1 ” 

1 V34T9318 

i 

1 

I Fwd Side Liner 

i 

8-7 

i 


i 

i 

i 


1 — — — 

1 V34T9324 

i 

1 

IFwd Blkhd 


8-8 

i 


i 

i 


1 

1 V34T9326 

“ ! 

1 Aft Blkhd 



The ascent data for STS-2 was correlated in Figures 8-2 thru 8-4. 
The maximum discrepancies were 24 deg F for measurement V34T9320 
on the forward liner, 10 deg F for measurement V34T9325 on the 
forward bulkhead, and 2.6 deg F for measurement V34T9326 on the 
aft bulkhead. It is believed that these correlations were made 
before the revision of the prediction model. The ascent data for 
STS-3 was . correlated in Figures 8-5 thru 8-8 for 4 measurements. 
The ^ predicted temperatures from both the baseline model and the 
revised 390 node model are shown. The maximum discrepancies 
between the flight temperature measurements and those predicted 
by the revised 390 node model are listed in Table 8-2. 


TABLE 8-2 

STS-3 Temperature Correlations 


1 Msmt # 

1 Location 

1 Temp 

Variation 

1 V34T9312 

i — — 

IFwd Bot Liner 

1 6 

deg F 

1 V34T9318 

i — — — — — 

IFwd Side Liner 

i - - 

1 4 

i 

deg F 

IV34T9324 

IFwd Blkhd 

l 

1 4 

deg F 

1 V34T9326 

| — ~ “ 

1 Aft Blkhd 
_| 

1 2 

deg F 


8.2.3 Correlation of Tail-Sun/Top-Space Orbital Rate Data 

The correlation of the TMM predicted temperatures with flight 
temperature measurements for the Tail-Sun/Top-Space Orb Rate 
attitude are shown in Figures 8-9 thru 8-13. The specifics are 
given in Table 8-3. 
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figure 8-9. "Baseline" and "Revised" 390 Node Tf-W Liner (Node 599) 
Predictions vs. STS-3 Tail-to-Sun orb Rate Flight Data 



figure 8-io. Revised 390 Node TMM Wire Tray Predictions 
VS. STS-3 Tail-to-Sun Orb Rate Flight Data 
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FIGURE 8-13. 


"Baseline" and "Revised" 390 Node TMM Forward Bulkhead 
Insulation (Node 499) Predictions vs. STS-3 Tail-to-Sun Flight Data 
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TABLE 8-3 

Tail-Sun/Top-Space Orbital Rate Temperature Correlations 


Figure 

1 

Mission Phase 

I Flight 

# 1 Msmt # 

_ I 

1 Location 

I Reference 

8-9 

1 

On-Orbit 

1 STS-3 
1 

1 V34T9312 

i 

1 Bot Liner 

i SEH-ITA 

82-277 

8-10 

1 


1 

1 

1 

1 — - - 

1 V34T9317 

i 

I Wire Tray 
| 

1 


8-11 

1 


1 

1 

| 

1 — — - 
1 V34T9318 

I Liner 

1 


8-12 

1 


I 

1 

1 

1 V34T9318 

1 Liner 

1 SEH-ITA 

82-111 

8-13 

1 


1 

1 

1 V34T9325 

I Blkhd 

1 SEH-ITA 

82-277 


For the data presented in Figures 8-9 thru 8-13, the maximum 
temperature discrepancies between the temperatures predicted by 
the 390 node model and the actual recorded flight temperatures 
are summarized in Table 8-4. 


TABLE 8-4 

STS-3 Temperature Correlations 


1 

1 Msmt 

# 1 

Location | 

Temp Variation 

1 V34T9312 

I Fwd 

Bot Liner | 

10 deg 

F 

V34T9317 

1 Fwd 

Port Liner] 

16 deg 

F 

V34T9318 

* 1 Fwd 

Stbd Liner | 

17 deg 

F 

1 V34T9318 

1 

★ ★ 1 

1 

11 deg 

F 

V34T9325 

1 Fwd 

Blkd | 

12 deg 

F 

* Met 12- 

18 hrs . 

** Met 

28-36 hrs 


8.2.4 Correlation of Nose-Sun Data 

The correlation of 390 Node TMM model predicted temperatures with 
the flight measurements is presented in Figures 8-14 thru 8-16. 
Table 8-5 summarizes the information for the STS-3 Nose-Sun 
attitude. 


TABLE 8-5 

STS-3 Nose-Sun Phase Temperature Correlations 


Figure 

— 

Mission Phase 

1 Msmt # 

1 

1 Location | Reference 

„ i i 

Temp Variation 

8-14 

On-Orbit 

i 

I V34T9312 
1 - 

1 Fwd Bot Lin | SEH-ITA 82-277 
1 1 

9 

deg F 

8-15 


1 V34T9317 
1 

IWire Tray | 

- 1 - i 

11 

deg F 

8-16 


1 V34T9318 
I 

1 Fwd Prt Lin | 

27 

deg F 
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390 Node TMM Liner (Node 599) Predictions 
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vs. STS-3 Nose-to-Sun Flight Data 


105 



TEMPERATURE 


STS* 3 KBC TO SIM 
CUnC TITLES 

MODE 539 * LI*C* 



TIME - (HOURS) 

PTrTTTJTr 8 ifi STS -3 Nose-to-Sun Flight Data vs. “Baseline" and "Revised" 
FIGURE a 16. 390 Liner ( Node 539) Predictions 


106 


8.2.5 Correlation of Top-Sun Data 

The correlation of the Top-Sun temperatures for STS-3 was 
performed by Rockwell International/Houston. Table 8-6 provides 
the details on the data used for Figures 8-17 and 8-18. It is 
believed that the flight data used for these figures were 
obtained from TMS tapes, which accounts for the sparsity of the 
data. This makes the correlation task difficult. The data in the 
table represents the best estimate of the correlation. 




STS-3 

TABLE 8-6 

Top— Sun Phase Temperature 

Correlations 





I Figure 

1 Mission Phase] Msmt # 

(Location | 

i _ i 

Reference 

1 Temp 

Variation 


8-17 

1 On-Orbit 
| 

1 

1 V34T9318 
1 - _ _ _ 

1 Fwd Prt Lin | SEH-ITA 82-277 
1 1 

1 

1 36 

deg 

F 


1 8-18 

i 

i 

1 

1 V34T9325 
1 - — 

1 1 
1 Fwd Stb Bid] 


1 

1 17 

deg 

F 


1 8-19 

1 

| 

| unknown 
1 

i - ^ l 

I Liner 1 

I t 

SEH-ITA 82-111 

1 

1 13 

deg 

F 


1 8-20 

1 

i 

1 V34T9317 

l — 1 

IWire Tray | 

i i 


1 16 

deg 

F 


1 ' I i | 


8.2.6 Correlation of Entry Data 

The specifics for this phase are presented in Table 8-7 and the plotted data is 
presented in Figures 8-21 thru 8-26. The variations are 16,25,11,17,11, and 10 
deg F, respectively. 






Entry 

TABLE 8-7 
Phase Temperature 

Correlations 


1 Figure 

i 

Mission 

Phase | 

Flight 

# 

1 Msmt # 

i 

i 

Location 

1 Reference | 

t 8-21 

i 

Entry 

i 

i 

i 

STS-2 


i — — 
1 V34T9310 

i 

Liner 

I SEH-ITA 82-1111 

1 8-22 

1 

i 


i 

i 



1 — — — 
1 V34T9312 

i 


1 | 

1 | 

1 8-23 

i 


l 

i 

i 

STS-3 


1 — — - 
1 V34T9312 

1 


| | 

1 SEH-ITA 82-2771 

1 8-24 

l 

1 


l 

1 

1 



j - 

1 V34T9318 

i 

1 

— 1 — 


1 | 

1 | 

1 8-25 

1 


i 

I 

i 



i 

1 V34T9325 

i 

Blkhd 

1 | 

1 8-26 

1 

1 


1 

1 



| 

1 V34T9327 

i 

i 


1 | 

1 | 

1 , | , 


8.2.7 Correlation of Postlanding Data 
Figure 8-27 presents the correlation between the flight data and 
the predicted temperatures via the 390 node model. The maximum 
variation is 2.5 deg F. 

8.3 THERMAL MATH MODEL REVISIONS 

Prior to attempting to correlate the prediction temperatures of 
the 390 node thermal math model and the actual flight temperature 
data for STS-3, Rockwell International/Houston made the following 
baseline changes to the TMM: 
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FIGURE 3-17. 


Top-to-Sun Liner Temperatures vs. 390 Node 
Baseline and Revised TMM Predictions (Node 539) 
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FIGURE 8-18 "Baseline" and "Revised" 390 Node TMM Forward Bulkhead 
Insulation Predictions vs. STS-3 Top-to-Sun Flight Da^a 
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FIGURE 8-21. STS-2 ENTRY FLIGHT DATA VS. 390 TMfl 
(NODE 579) LINER PREDICTIONS 
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FIGURE 3-22. STS-2 ENTRY FLIGHT DATA VS. 390 TMM 
(NODE 599) LINER PREDICTIONS 
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figure 8 - 23 . "Baseline" and "Revised" 390 Node TMM Liner Predictions 
(Node 599) vs. STS-3 Entry Flight Data 
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"Baseline" and “Revised" 390 Node TMM Forward Bulkhead 
Insulation (Node 499) vs. STS-3 Entry Flight Data 
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FIGURE 8-26. 


"Baseline" and "Revised" 390 Node TMM Aft Bulkhead 
Insulation (Node 2929) vs. STS-3 Entry Flight Data 
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Most payload bay surface temperatures were initialized with 
flight data, the remainder were initialized at 70 deg F which was 
very close to the average environmental temperature. 

STS-3 flight data was used to drive the Orbiter' s structure 
during the ascent phase (0-.25 hours). 

Heating rates from a ZLV Attitude were applied to the external 
TPS from .25 to 2.0 hours. 

Fuel cell heat rejection logic was included. 


These changes were deemed necessary even if the TMM provided a 
close simulation of the Orbiter midsection and the thermal 
environment . The computer run with the above described changes is 
generally referred to as the baseline run. Additional changes to 
the TMM were recommended by Rockwell International /Houston after 
studying the results of the correlations presented in the 
previous sections. These changes are relevant to the payload bay 
thermal environment. The changes recommended by RI/ Houston and 
the basis for the changes are summarized in Table 8-8. As a 
consequence of these changes, the authors anticipate the effects 
indicated in the table. 


1 1 

1 TABLE 8-8 I 

1 Thermal Math Model Revisions I 

1 

I Change 

1 Basis for Change 

I Anticipated Effect I 

[Increase masses of MLI and 
ITG15000 insulation by a 
[factor of 1. 5-2.0 

I Improved Mass data from 
[RI /Downey Weights Group 

[Improved correlation in I 
[transient temperatures | 

j Increase MLI and TG15000 
[conductivity values. 

[Estimated slower decay 
I rate in pressure in MLI 
land TG15000 insulation 

| Improved temperature [ 
[correlation during | 
[expansion cooling in | 
1 ascent & on-orbit phase I 

I Include boundary effects of 
1 fwd lower bay equipment 

I To complete thermal 
1 model 

I Improved correlation [ 

I in postlanding phase | 

I Revise entry vent air inlet 
1 temperature curve and 
| ascent air temp equations 

I To improve temperature 
1 accuracy and computation 

I Improved correlation of | 
I entry and ascent phases I 

1 Revise solar absorptance 
land IR emittance values 
| of the liner 

I Better values now 
1 available 

| Improved Top-Sun and | 

I Tail-Sun correlations | 


In most of the figures in this section, the temperature 
predictions made from this baseline run were plotted along with 
the TMM prediction after additional changes were made to the 
model as well as the actual flight temperature measurements 
themselves . 
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8.4 THERMAL MATH MODEL VERIFICATION STATUS 

The differences between the temperatures predicted by the 390 
node TMM and the flight temperature measurements, taken from 
Figures 8-1 thru 8-27, are summarized in Table 8-9. The 5 
baseline cases are excluded from the summarization discussion. 


TABLE 8-9 

Thermal Math Model - Flight Measurement Comparisons 
I Figure I Phase | Attitude | Flight | Msmt # | Location | Temp Diff| Remarks! 


1 8-1 
1 

| 

1 Preinch | 

i i 

I 

I STS-2 
1 -5 

IV34T9324 [Bulkheads 
1 27 | 

-I , 

1 +- 3 deg | 

1 1 

1 8-2 
| 

1 Ascent [Launch 
- — 1 I 

i 

1 STS-2 
1 

I - - I - — 

IV43T9320 I Liner 

i i 

-24 deg 

~1 

1 Baseline 

1 8-3 

I 

1 1 

" — 1 1 

1 

i 

| j 

IV34T9325 | Fwd Blkhd 

-10 deg 

— 1 
I 

1 8-4 
| 

i i 

— i i 

1 

| 

I 1 — — 

1 V34T932 6 |Aft Blkhd 
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It is evident that the TMM predicted colder low temperatures than 
the flight measurements for the Ascent Phase with a range of 0-6 
deg F. It predicted warmer temperatures than the actual flight 
measurements in the Entry Phase of the mission. The variations in 
this case having a range of 10-17 deg F. For the On-Orbit Phase 
of the mission, it appears that the TMM predicted colder 
temperatures for the Tail-Sun and Nose-Sun attitudes by 
approximately 10-27 deg F. In general, the TMM overpredicted on 
the higher temperatures and underpredicted on the lower 
temperatures for the Top-Sun cyclic temperature variations. The 
range of temperature variations being between 13-36 deg F. In 
view of the fact that the correlation work described in this 
section is preliminary in nature and the recommended changes have 
not been permanently incorporated in the 390 node model, the 
following recommendations are offered for consideration: 

The verification studies of the TMMs be regarded as partially 
verified. 

All the studies proposed by Rockwell International/Houston as 
listed in Table 8-10 below be implemented and all the proposed 
modifications to the TMMs be incorporated, if not already done so. 
The emphasis of the correlation effort should be based on the 
basic physics of the phenomena rather than trying to get precise 
agreement between the predicted and actual flight temperatures 
for all phases of the mission.lt is noted that the size of a 
typical node , such as node 531 for the forward starboard side 
liner is 30 square feet. 


TABLE 8-10 

THERMAL MATH MODEL PROPOSED STUDIES (1) 

* Study on Entry Structural Drivers 

* Study on Bulkhead Structures as Boundary Nodes 

* Evaluation of Optical Properties of Payload Bay Liner 

* Correlation Of TMM Predictions with STS-4 and STS-5 Flight Data 

* Establish Improved Correlations for Lower Bay Equipment 

* Study the Greenhouse Effect on the RTDs 

* Finalize a Correlation Report 

Note (1) :A majority of these studies were completed prior to the release 
of this summary report. 
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9.0 CONCLUSIONS AND RECOMMENDATIONS 


In the conduction of this task, JPL has collected and organized 
the available temperature data relating to the Shuttle Payload 
Bay thermal environment. The methodology used for the data 
reduction, analysis, and documentation has proven adequate for 
the task. 

Due to time and resource limitations, flight temperature data for 
the payload bay longerons, trunnions and bridge fittings are not 
covered in this report. Evaluation of this data along with an 
evaluation of the Beta angle effect on flight temperatures could 
prove to be an important adjunct to this study. Furthermore, the 
review of the Thermal Math Models conducted herein was a cursory 
one because of the limited resources and essentially represents a 
critique of Rockwell's correlation effort. A more complete review 
would entail an independent evaluation of the thermal nodal 
network, the calculation of the thermal conductances and the 
variations between actual flight temperatures and those predicted 
by the model. 

With respect to the nature and availability of the temperature 
data relating to the Shuttle payload bay, it would appear that 
for multi-flown flight attitudes sufficient data exists to 
predict the thermal environment. However, this is not necessarily 
true of the less flown flight attitudes where a sparsity of data 
exists. The least understood aspect of the payload bay thermal 
^^vironment may well be the mutual influence between the payload 
bay and the payloads and how this effects the temperatures . This 
would require an integrated thermal analysis prediction model and 
verification by flight data. 

The results obtained may be utilized to effect a start in 
establishing a Thermal Environment Data Base for Shuttle 
Payloads. The completion of this task has resulted in: 

An improved definitive Shuttle Payload Bay Thermal Environment . 

The initiation of a user oriented STS Payload Bay Temperature 
Data Base. 

Making available to a community of users, via this report, a 
li^^ted numerical and graphical data base that defines the 
thermal environment of the shuttle payload bay. 

^ of the Thermal Math Models in use for predicting flight 
temperatures . 


In general, the flight data examined in this task would indicate 
that the thermal environment of the Orbiter Payload Bay is, as 
frequently described in workshops, technical paper presentations, 
etc., a "benign" environment for most payloads. The reduction, 
evaluation, presentation and compilation of the data in this 
report provide a rational basis for making that judgement . 

Based on the findings obtained during the conduct of this task, 
the following recommendations are advanced: 
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In performing tasks of this nature, provide access to the raw and 
primary data tapes to the project monitor in addition to any 
tabulation of data points and plots. This will provide a measure 
of flexibility in the utilization of the data to suit the project 
needs . 

Extend the thermal environmental definition effort to include the 
conduction environment. This would involve the organization, 
evaluation, and presentation of the flight temperature data 
related to the longerons, bridge fittings, and trunnions which 
serve as heat conduction paths to and from the payloads. 

Perform an in-depth analysis of the M Greenhouse Effect" and 
correlate the results with flight data. 

Consider a comprehensive update of the temperature and thermal 
properties data presented in JSC Report 07700, Vol XIV - "Space 
Shuttle System Payload Accommodations" with that presented in ICD 
2-19001 - "Shuttle Orbiter/Payload Standard Interfaces" to 
eliminate conservatism. 

Conduct a study of the payload bay/payload interaction effects on 
the temperature using available flight data. In this regard, it 
is recommended that future flight data include payload 
temperature data as well as payload bay data. 

Evaluate the accuracy of the flight instrumentation system and 
its related data. 

Improve the overall documentation and distribution of flight 
temperature data and its related reduction and interpretation. 
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APPENDIX A 


Shuttle Environment - Data Files 




TABLE A-l . JPL SHUTTLE THERMAL ENVIRONMENT DATA FILES 
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NOTES: (1) DATA SOURCE 1 = COMPUTER COMPATIBILITY TAPE (CCT) 

DATA SOURCE 2 = JSC REPORT NO 19956 

DATA SOURCE 3 = WORKSHOPS, CONVENTIONS, PERSONAL COMMUNICATIONS, ETC 
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NOTES: (1) DATA SOURCE 1 = COMPUTER COMPATIBILITY TAPE (CCT) 

DATA SOURCE 2 = JSC REPORT NO 19956 

DATA SOURCE 3 = WORKSHOPS, CONVENTIONS, PERSONAL COMMUNICATIONS, ETC 
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NOTES: (1) DATA SOURCE 1 = COMPUTER COMPATIBILITY TAPE (CCT) 

DATA SOURCE 2 = JSC REPORT NO 19956 

DATA SOURCE 3 = WORKSHOPS, CONVENTIONS, PERSONAL COMMUNICATIONS, ETC 
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Max T emp= -14.26 F; Min Temp = -44 80 F. 

Note. (O Hr s < O F)s are not data points and are entered for convenience only 
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Max Temp= 54.21 Fi Min Temp=-1 1 5. 27 F. 

Note: (O Hrs<0 F)s are not data points and are entered for convenience only 
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Figure A- 3 
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Time (hrs) after Base Time 
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Max Temp= -26. 82 F; Min Temp = -72. 55 F. 

Note: (0 Hrs.O F)s are not data points and are entered for convenience only 
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Max Temp= 18.92 F; Min Temp=-1 1 7. 69 F 

Note. (O Hrsi 0 F)s are not data points and are entered for convenience only 
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Temp= 0 91 F< Min Temp= -55. 02 



STS-3 V34T931 
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Figure A- 8 
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Max Tefnp= 40 01 F; Min Tefnp=-1 10. 30 F 

Note: (O Hrs> 0 F)s are not data points and are entered for convenience only 



STS— 3 V34T9320A MID FUS PLB LIN LS TEMP X-670 



Figure A- 9 
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A- 20 


Max Temp = 42 32 F; Min Temp = - 89 . 36 F. 

Note. <0 Hr s > 0 F)s are not data points and are entered for convenience onltj 



STS-3 V34T9324A MID FUS FWD BHD INS TEMP Y=-47 



Figure A- 10 
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STS-3 V34T9325A MID FUS FWD BHD INS TEMP V=37 
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A-22 


Max Temp= 57.97 F; Min Temp=-110. 75 
Note: (0 HrsiO F)s are not data ooint 



STS-3 V34T9325A MID FUS FWD BHD INS TEMP Y=37. 5 



Figure A-ll 
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STS-3 V34T9326A MID FUS AFT BHD INS TEMP Y“-50 
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Max T emp = -9 32 F; Min Temp= -75. 32 F. 

No te . (0 Hrs> 0 F)s are not data points and are entered ■For convenience only 
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Max Temp= -1.33 F» Min Temp = -42.25 F. 

Note: (0 Hrs, 0 F)s are not data points and are entered for convenience only 
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STS-3 V34T9311A PLB WIRE TRAY COVER TEMP X=1215 
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Max Temp= -16. 82 F; Min Temp = -39. 57 
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Max Temp= 46 80 F; Min Temp=-108 10 
Note: (0 Hrs> 0 F)s are not dat^ nnint 
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Max T emp= -29. 45 F; Min Temp= -69.78 F. 

Note. (O Hr Si 0 F)s are not data points and are entered for convenience only 
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Max T emp = -4. 20 F; Min Temp= -52. 29 F. 

Note: (O Hrs.O F)s are not data points and are entered for convenience only 
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Max Tertip= 34. 11 F; Min Temp = -82. 45 F. 

Note: (O Hrs, 0 F)s are not data points and are entered for convenience only 
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Max T emp= 46 80 F; Min Temp=-102. 43 F. 

Note: (0 Hrs.O F)s are not data points and are entered for convenience only 
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Max T emp = -14 22 Fi Min Temp= -52. 43 F 

Note: (0 Hrs,0 F)s are not data points and are entered for convenience only 
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Max Temp = “15.06 F, Min Temp = -57.93 F 

Note: (0 Hrsi 0 F)s are not data points and are entered for convenience only 
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Max Temp = 148 14 F; Min Temp = 87. 98 F. 

Note. (0 Hrs < 0 F)s are not data points and are entered for convenience only 
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A- 54 


Max Temp= 252. 46 F; Min Temp= -18. 23 F. 

Note. (0 Hrs, 0 F)s are not data points and are entered for convenience only 
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A- 56 


Max Temp= 106 48 F; Min Temp = 38.89 F. 

Hr s » 0 F ) s are not data points and are entered for convenience only 
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Max Temp = 135. 16 F; Min Temp= 1. 11 F. 

Note: <0 Hrsi O F)s are not data pointsand are entered for convenience only 
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Max T emp= 150.84 F; Min Temp = 69.96 F. 

Note. (0 Hr s > 0 F)s are not data points and are entered for convenience only 
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A-62 


Max Temp = 130 15 F; Min Temp= -11.90 F. 

Note: (0 Hrs, 0 F)s are not data points and are entered for convenience only 
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Figure A-35 
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File No=f 36 STS-3 V34T9324A MID FUS FWD BHD INS TEMP Y=-47 
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A- 64 ■ 


Max Temp = 127. 21 F> Min Temp:= 8 58 F. 

Note: (O Hrs,0 F)s are not data points and are entered for convenience only 
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File No-f 37 STS-3 V34T9325A MID FUS FWD BHD INS TEMP Y=37. 
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A- 66 


Max T emp= 106 79 F, Min Temp = -6 89 F. 

Note: (0 Hrs» 0 F)s are not data points and are entered for convenience only 
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Figure A-37 
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Max Temp = 122. 16 F; Min Temp= 59. 56 
Note: (O Hrs.O F)s are not data ooint 
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Figure A-38 
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File No=f 39 STS-3 V34T9327A MID FUS AFT BHD INS TEMP 
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A-70 


Max Temp = 118 27 F; Min Temp= 40.20 F. 

Note: (0 Hrs< O F)s are not data points and are entered for convenience only 
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A- 72 


Max T emp= 52. 52 F; Min Temp= -87. 08 F. 

Note: <0 Hrs,0 FIs are not data points and are entered for convenience only 
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File No=f43 STS-3 V34T9313A MID FUS PLB LNR LS TEMP X=1030 
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A-74 


Max Temp = 29. 06 F ; Min Temp* -24. 64 F. 

Note: (0 Hrs/0 F)s are not data points and are entered for convenience only 
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Max T emp= 31 89 F; Min Temp= -12. 13 F. 

Note: (0 Hrs.O F)s are not data points and are entered for convenience only 
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Max Temp= 67. 52 F; Min Temp = -80. 27 F 

Note: (0 Hrs.O F)s are not data points and are entered for convenience only 
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Min Temp= - 29. 53 
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Max T emp- -24. 35 F, Min Temp= -52 49 F. 
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Temp= 42. 12 F; Min Temp=-110. 47 
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Max Temp = 32.66 F; Min Temp=-103. 51 F. 

Note: (0 Hrs.O F)s are not data points and are entered for convenience only 
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Max Temp = 285.33 F ; Min Temp= -80.62 F. 

Note: (0 Hrs. O F)s are not data points and are entered for convenience only 



THIS PAGE IS INTENTIONALLY LEFT BLANK 


A-156 



STS— 1 V34T9312 PLB BOT LINER TEMP X=670 



(j) J0dui0 1 


Figure A-102 

PRECEDING PAGE BLANK NGT FILMED 


A-157 


LIFT-OFF 4712/81 
TIom 12< Oi 0 



A1 16 

File No=fll6 STS-2 V34T9312 PLB BOT LINER TEMP X=670 




in 

n ru 

n0 

CD 

I— 4 

o 


ru a* 

© 

sO 


© 

in h o- ^ 

Ch 


© 

*-» © o © 

>0 

o h- ro 

E lL 

o 

O 0" 


Ch 

<1 Ch 


© 

in 

Ch 

ru 


o 

© 

i— 4 

O' O CD >0 Cr 

0 

© 

O OJU3 CD *-1 

r-l 

© N ** 

UJ w 
f— 

r-4 

^-4 nl in 

ih 

o 

in 

© 

>0 

© 

in 

© 

f-^ 

o 

in 

▼H 

o ^ in n n 

CO 

in 

O 

© n ^ 


n d ch 


ID 


0J 

i— 4 

CM 

© 

in 

m 


rH 

© 

in 

ru 

ru 

in 

< 3 * *t *-» in 


ru 

© 

■ 

v in in cu cr 


1 1 1 


pv 



-i-i © 

© 

o 

hv 

h- 


rH 

© 

o 

ru 

o 

in 

in 



^4 

© 

h> 

in 

Ch 

^ <«() ?H r4 iH 

n 

ru 


E 

© 

1-4 

CM 

© 

<1 N 

O 

CM 

<* 

o 

Ch 


N 

CM 

7 

rH 

in 

Ch 

© 

Ch 

© 

in 

<1 

0 s 

r-4 

<t in © o 

© 

m 

N 

M 

X 

w- 

Ch 

Ch 

o 

Ch Ch 

o 

o 

6 

o 

o 


rH 

ru 

ru 

© 

© 

© 

** 

<*• 

in 

m 

in 

in 


'O'O'O'Oh 

N 

N 

N 



© 

© 

© 

© n 

<3* 

«* 


<* 


<r 








* 






<3* «r 






1 © 


in 


N 

© 

Ch 

o 

-4 CM 

n 


in 

o 

n 

© 

o 

o 

i— t 

CM 

© 


in 

M3 

7 

B 

Ch 

o 

i—4 

2 

n 


2 

1 o 

o 

o 

o 

O 

o 

o 

rH 

r— ( rH 

rH 

*-4 

1—4 


1-4 

1-4 

rH 

ru 

ru 

CM 

ru 

ru 

ru 

ru 

ru 

ru 

CM 

© 

n 

n 

n 

n 


r-4 

1—4 

1—4 

rH 

r4 

1-1 

i— 4 

tH 

1—4 1—1 

1—1 

lH 

T— 4 

1-4 

1—4 

i—4 

i-4 

i-4 

1—4 

1-4 

1—4 

** 

H 

■**■4 

i~4 

1-4 

H 

H 

r— 4 

^H 

1—4 

i-H 




CM 

n 

i-4 

ru 

*0 


o 

O 

O 

Ch 

CD 

o 

Ch 

Ch 

ru 

o 

ru 

o 

iH 


Ch 

o 

<T 

t —4 

© 

Ch 

CM 

© 



© 

ru 

E 

U. 

S 


o 

r4 

n 

in 

O 

O 

O 

O 

1—4 

o 

Ch 

<1- 

in 

o 

o 

ru 

h* 

o 

© 


© 




h* 

in 

(h 

© 

1-1 

Ch 

UJ 

N— ' 

o 

CD 

n 0 


© 

in 

o 

o 

o 

© 

© 

o 

in 

© 

<* 

o 

© 

© 


1—4 

© 

ru 

CM 

N 



o © o 

in 

© 

in 




1-4 


<* 

ru 

n 

o 

o 

o 

ru 

1—1 

o 

© 

ru 

CM 

CM 


i 

CM 

© 


in 

N 

N 






© 

1-4 

rH 








i 

1—4 

1 

1-4 

1 

1 



1—4 

1 

i 


1 

i 



1 

1 

i 

i 

1 

1 

i 

i 







hi 

#— >. 1 

rv 

hs 

Til 

hv 

© 

in 

o 

n 0 

o 


o 

1-4 

i—4 

1—4 

ru 

O N 

in 


h* 


© 

© 

© 

in 

ru 


hs 

Ch 

©CD GO 

E X ! 

▼H 

n 

-0 

vH 

ru n 

o 


CM CD CD 

© >0 © 

1-4 

CM © © 


>0 

h- © 


CM «T in © Ch © in 

1-4 

L_ 

X | 

CM 

CD 

n 

n 




<r 

in 

m 

in 

m 

in 

in 


in 

<1 

>0 

>0 


o 





N 

N 


N 

N 

© 

© 



n 

n 

n 

n 

n 

n 

CD 

n 

n 

© 

CO 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

© 

rn 


1 Ch 

o 

<-H 

CM 

n 


in 

<3 

N 

© 

(h 

o 

i-4 

CM 

© 


in 



© 

(h 

o 

1-4 

ru 

© 


in 

O 


© 

Ch 

o 

2 


1 'O 

N 

N 

N 


N 

N 

N 

N 

h* 

N 

© 

© 

© 

© 

m 

© 

© 

© 

© 

© 

Ch 

Ch 

Ch 

Ch 

Ch 

Ch 

Ch 

Ch 

Ch 

Ch 

o 



1-4 

O N 

o 

>0 

<J 

1—4 

N 

ru 

© 

ru 

m 

Ch 

1-4 

N 

in 

o 

© 


CM 

ru 

<* 


© 

rH 

o 

«fr 

CM 

rH 

© 

K 

«-4 

E X 

© 

<3 © 


ru 

1-4 

Ch 

CM 

N 

1—4 

>0 


ru 

Ch 

O 

o 

CM 


H 

s 

© 

in 

Ch 


o 

Ch 

Ch 


o 

rH 

O 


UJ - 
H* 

<1 

O (3D 

© 

© 

▼H 

o 

1—4 

© 


© 

© 

© 

© 

i-i 

tH 

1-4 

© 


© 

© 

© 

© 

© 

>0 

in 

o 

© 

>0 

© 

1-4 

© 


© 

ru ru 

© 

ru 


© 


in 

© 

© 

<r 

© 

<* 

in 


in 


in 

in 



m 





in 

<* 

© 

in 

ID 



<1 

o 



ru 

Ch 

h- 

N 


o o 

o 

>0 

o 

© 

in 

© 

© 


© 


M3 

43 

N 



Ch 

N 


Ch 

Ch 

^4 

E X 

1-4 



N 

o 

i—i 

in 

N 

© 

ru 

© 

in 

>0 

© 

i-H 

m 

N 

© 

o 

1-4 


n © 

Ch 

i-H 

© 


h 3 uj ru © 

o 

»-• X 

Imm v 

© 




o 

>0 

N 

N 

N 

Ch 

Ch 

(h 

o 

o 

CM 

CM 

CM 

© 


<* 

ih 

in 

in 

*0 



© 

© 

© 

o 

O 

o 


r -4 

i —4 

1-4 

i-H 

rH 

iH 

r 4 

i —4 

1-4 

r -4 

rH 

i -4 

ru 

CM 

ru 

ru 

ru 

ru 

CM 

CM 

CM 

ru 

ru 

ru 

CM 

ru 

ru 

ru 

ru 

© 

© 

© 

© ! 

° 

I in 

N 0 

h. 

© 

Ch 

o 

1-4 

ru 

© 


in 

>0 

i\ 

© 

Ch 

o 

rH 

ru 

© 


m 

o 

N 

© 

Ch 

o 

tH 

ru 

© 

*r 

in 

>0 


1 © 

© 

© 

© 

© 





<* 

<* 





in 

in 

in 

in 

in 

n 

in 

in 

in 

in 

<3 

o 

o 

o 


o 

>0 


CL ~ 

E Lu 

UJ w 

K 


>0 

© 


>o 

in 


o ^ ru ^ in 
h S O N 


'fl >0 'O 'O 
<3 'fl >0 'O N 


I s - O CD <1 O 

© © o © o 


ru o o o 
© i in r+ cm 

i f i 


>0 >0 O iD Tn 
<t >c Ch © 


qd co n in t-. 

h n rd o 


in n >o r- n 

o n o n © 

© © © © 

in © © © ru 


H(Mf)NHON<MDr]ID 

oonHO<iniN^inncd 

<i ri fii fti o ^ 6 do ^ n 6 

ru -4 i ^ i oinn^t 

i i i 


UJ ^ 
E x 
-< X 


o ru o Ch © © h* ran 
oruntnomo**© 


oo^rmnrvr^^n© 

<tCD(MinHino s 't<iN 


Ch 

N 


O 

© 


n£>©>o©<>0'<j<ii>r f ) 

©(h*-*©in<3N-ChCM<t>o 


oooo^^ojrdnjnn^^nnmin^^xths 


^^©©©©(hCh*- 1 ^^ 


O 

2 


ru©<frinoN©chO* H (MCD , tfin>oNQO(h 


OHryn^m^MD(hOH.«n't 

rucucMrMrurururtirucunnnnn 


A-158 


12.87 26.06 67 31 80 33.22 101 38.77 38.29 135 47.75 16.03 

12.97 31.13 68 32.04 51.18 102 38.97 48.43 136 47.76 70.37 



A1 16 ( Cont ) 

File No=f 116(Cont. ) STS-2 V34T9312 PLB BOT LINER TEMP X=670 


a. ~ 

z ll 

LU ^ 


OO00000000000000000000000000000000 

0000000000000000000000000000000000 

oododooooooododdcooooooooooodddodo 


UJ 

z tr 
~ x 


o 

z 


nooooooooooooooooooooocoooocoooooo 

0000000000000000000000000000000000 

oooooooooooooooooooooooooooooooooo 

t>o^runrrin<iNti)i>o^run^in<jNmt>o^cur 2 ^;in- 0 NQDChOj-»nj 

njnjrjnjc\jrurdrdnirjrunjrijnjnjnjrjairuc\jrur\irjtaniru(Mnjru(MrijrurjCM 


CL ~ 

Z Ll 

ll) w 


oooooooooooooooooooooooooooooooooo 

0000000000000000000000000000000000 

oodoooooooooodoooooodooooododooddo 


111 

z cr 
^ x 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 


o o o o o 


ododdoooooooooooooooooooooooo 


a 

z 


in^NCDOO^rdn^tmNONCDOO^njn^tin^NCDChO^njn^r^^NOo 

cyrunjnjninjrdrdrunjnjnjnjruainjrdnjriirijnirdrijnjnjfaniniranirunjf^ni 


CL ^ 

CD 

ru 

ra 

o 

o 

CD 

CD 


N 


CD 

o o 

Z l L 

o 

N 

N 

n 

n 

O 

O 


00 

CD 

O 

o o 

LU ^ 













h- 

<r 

43 <1 



** 



iH 

T“« 


o o 



43 

43 

o 

43 

o 

43 

43 

43 43 43 


LU ^ 

43 

0 - 

Cd 

rd 


H 

rd 

O 

n 

c> 

in 

o o 

Z X 

<*• 


n 

n 

Ch 


o 

O 

o 

in 

«-» 

O O 

►-» X 

f— w 

uS 

in 

CD 

CD 

CD 

o 

o 

n 

n 

ri 

in 

0 

0 


4 n 

in 

in 

in 

in 

in 

43 

43 

43 

43 

43 


o i 

I ** 

rd 

n 


in 

nO 

r- 

CD 

O 

o 

r~1 

cm m 

z 1 

1 N 

N 

N 

n 

N 

n 

N 

S 

N 

03 

03 

CD CD 



H 


H 


H 

H 

rH 

▼H 

H 

H 

H H 


ooooooooooooooooooooo 

ooooooooooooooooooooo 


ooooooooooooooooooooo 


ooooooooooooooooooooo 

ooooooooooooooooooooo 


ooooooooooooooooooooo 

^in<iNCDOO^tMn , tin<iSQOi>o^njn , t 
CDOOCDaDOOQ 30 C>OOl>(hCh(> 0 ^ 1>0000 0 


Q_ ^ 

Z Ll 

UJ ^ 


oomoiMnDinnnjinH^sonMninonifiiniCDDO^snsHtto^ioo 

4 )^^^^riNi^riN^rtfwiriddriri 4 iaiaia}odonngj^o^joj 

runru^r^ru i 43 cm i i i ^^^H^^^^cdrunin^tininininin^oin 


i u ~ 
z x 

►-» X 


£>£>n<)^*r)^ooo<)Ou^rdoaj^^a3omNN^aDroonnnruo[nN 

Q3aDQ^rd<i^'OO^ncn'Ohs^cdinNc>nin'OOOCd'0^^rdrd^'tinoSN 

r^r^r^CDodo^o^dooddo^^^^^oiniriirunri^^^^tSSSSSlSt 

^ ^ ^ ^ rf ^ kt in^m ininininininininintnininininininininininininminin 


^mchO^Cdn^in<iNCDi>o^njn*ttn^NOO-o^njn^in^NODDjO 


A- 159 


Max Temp= 99.12 Fi Min Temp=-100. 00 F. 

Note: i (0 Hrs» 0 F)s are not data points and are entered for convenience only 


THIS PAGE IS INTENTIONALLY LEFT BLANK 


A- 160 



STS-2 V34T9312 PLB BOT LINER TEMP X=670 



(j) ajn^Dj0duj0j_ 



Pigure A- 116 


A- 161 


A 128 

File No*fl2B STS-3 V34T9310 LH PLB INS TEMP X=1215 


a. ~ 
z u. 
uj ~ 


uj ^ 
z cl 
~ x 


o 

z 


fill 


I I 


n^tinoNCDOO 

ooooooo^ 


ru n <t in o n 


in 


ru 

0 

O' 

m 

03 

in 

n 

r- 

n 


N 

03 

ru 


in 

CM 

ru 

n 

<1 

N 

0 " 

O 

N 

ru 

0 

N 

'O 

n 

n 

•t 

d 



n 

■¥-* 


>0 

0 

<1 

ru 

ru 

sO 

«* 

Ch 

n 

(h 


1 

1 

1 

ru 

1 

1-1 

I 

ru 

1 

1 

ru 

1 

? 

ru 

1 

n 

1 

ru 

1 

n 

1 

n 

1 

0 

O 


co 

H 

ru 

in 

U’ 

0 

ru 

0 

n 



t 


0 

O 

n 


0 " 

ru 

N 

0 " 

03 

O' 

*-♦ 

n 

'C 


ru 

0 

<*-* 

T”t 

y—t 

ru 

OJ 

n 


*r 

in 

in 


N 

N 

c> 

o- 

O' 

0 

-0 

O 

0 

'O 

< 1 

'O 

0 

0 

-0 

>0 

O 

<1 

0 

0 

<1 

o- 

0 


ru 

n 


in 

0 

N 

00 

O' 

O 

1-1 

ru 

n 

<*■ 

iH 

ru 

ru 

ru 

ru 

CM 

ru 

CM 

ru 

ru 

ru 

n 

n 

cn 

n 

n 


m n 


a. ~ 

r a. 

LJ w 


882S8BfiltSmSSSSS88!:8 5SSS?3::m!i*8 
"SSS5SS?38SS?S525S25 3“S2 n T = :S5SSiS 


-0 


UJ ^ 

z x 

~ X 
H ~ 


d-No-Htfinnrd^ino^on>o^n^^innrii^nffl(>Nrtjnj^OD^n 

S^N?253Son^3So^n^ino^^ni^>o^ooi^a)^inflD«h«DO^ 

^rinnininin^NNmmm^ooH^riinnnjinin^Nmmm^oo 

nnnnnnnnnnnnnn^**^^*********** 1010 


o 

z 


cho^rjn^in^N0DChO^rxjn^in<iNaD^o-»ain^u2<iNQD^o^nj 

^Nr-NNNNNI^I^r^CDCDCDCDCDCDCDCOCDCDO-O-ChO-OChOthO-ChOOO 


CL — 

Z Ll 
ui ^ 


?§S5SSf2S§SS82235S;KiSSSC!8t?F:2glSSS53 

sissssastsRSJtsisissiBsatsassRaPSiB? 

,,, | j | | j | 1 | j | 1 | | I I I I I I » I I 1 1 1 1 1 1 1 ‘ 1 


UJ 

z cl 
~ x 


nNm^N^^^n^nioo^^oo^^^^CDHnD^CiiNN^ciJriiODnnoo 


nincon'tmino>o 


NODQDcooooHrHtHrijn^t^ sO>43NNN(>^r*«^curu 
^SSS^^NCMrucucurucMrururururunirunnnnn 


o 

z 


,K mfvn^nin^LOsnNmcr'O^njntin^NQDO'O^ain^irKlNCD 

nnnnr)?^^?5^^^^^^^inininininininin^)>o^<)<)'0>o>o<i 


CL 

Z IL 
UJ W 
K 


rv^m~N-r^>o-i>0n--~O'>o»nvO^ortf*oop'-goNno£<J-- 

o^oo^ocoo(Din(D'OOD^Ch^oN ,( t H n' 0 ( r )^^NriiO'>ochnii> H n 

rnrnKjf^«t>o^^^f>nn^Nrjo^CDri , j^ < rf N O fc,F - , ^c r j[ T JON’--»r , if s »Nr s ‘ 

SS^NNN^ 5 N^ 5 n^^S^ 5 nnNinN«=r^^nnjnni i 7 7 


uj 

Z X 
~ X 
K w 


8§2?2 5!iSgSS83f;8:5Kf:3SK838SS3SPIS8?3S 

oddd^^nirynjcrinrinrin-t’r’t'f'n^'O'O^ Kcocodoo»-<»H 


o 

z 


| ^wn^tt^Noa-o^wnjin^Nffl^o-niojgjONO^o^rong 


A-162 


gl ^ 

z u. 
uj ~ 


connm(v£M)N^^oh 

n»niniD^rdNrron<i’t 


o o ru n so h o 


ord'Offioon^o^ooinnajCho 

NnNfy^incMBinoO'Oioo^ 


(Dnnrij0 s 0 w 0‘inTHf\>(iif) r4 {' l j 

i ninHinNo^nN(>H 


i-*NLor^(>conc>©inKruiria)n<ichnirdN 

OlDN^tOCOKinNChOGDrvOQOO^HOOOrd 


uj ^ 
z or 
~ X 


<* nj o ru cd m n n 

Hnonncynt 


o ru 

CD Ch 


'5^0‘ir)inini>^£DsOiHino^^Dooajoj'Ooo^ 

'OcoH^or-i^wro'Oo^^n^oooryniryDin 


ru oj Cd ru ru cd ru cu rd ru ru ro ro ro ro rd rd ru ru n n n n ro n n n n n n n n n n 


o 

2 


£2£^£22£:$£2£9^ rd n^ in >or''CD(>o^pd0<frin.oN0[>o^Pd 

S?.?. J^^? t ?^^^ inirjininif)tnir,ininir> <IO'0>0'0'00>0>OsONNN 

CM fd Pd Pd Pd Pd Pd Pd Pd Pd Pd Pd Pd Td Pd Pd CM Pd Pd Pd CM Pd CM Pd Pd rd CM Pd CM CM Pd Pd CM Pd 


CL ~ 

z u 

Ul w 
H 


0"<i^H(tn(>oooinoo-HNoriin<!oo"OOO^^or , )n<tni<oinin-H 


•on'Ot'flrtno-^nf^H 

i ru i 

i i i i i i i i i 


'0DN^ND<tnON't'fln0'0'>0«f'0HHH# 
’■' i i i i ’-■ i -< i iniDHinniw^HHn 
1 < » til ii i i i i i 


1 1 1 *— «* 

z tr 
~ x 


in 

T-» 

ru 


£S3^£?2££^£? njCDrr)fT)r ' ,r,1>0& ‘‘ n ~ , rono>o«*co(Dno'<*-0'<*-< 

rsrdPdor^NOOPdoo^pdinincD©opdCDon>op , 5>oooin0^chinrsnN 

222222^.^2i] irHT ~' T ^ rHT ^' rH ^^ HiFH ^ , ^^^ iMrardniruruajrjr ^ r Jpd 


ii 

X 

CL 

z 

LU 


O 

2 


nnnnn2n[!l n ^^^ N ^^ o ^^ n ^ in ^ fs C0^O^njn^in^N0D 

sssssssasssrssssfssfaaafaaassisssasafjaa 


CD 


CQ 

—I 

CL 


CL ~ 

z u 

ill w 

H 


Pd O tt <i ID 

CD Pd Ch n O 


H 0 H O s N"t , t 
ID O ^ Pil N h (> 


no^ordocD^NordNNincd^^incDosroo-^' 

'OOONPdOO^OtnONNnCh^ChiniDHHd’O 


o-»nrdoo<*<r 
n d 1 ^ n oj h i i 
i i i i i i 


^nonQNNODHfsn 
^ n <* -« j i pu ^ ^ «t 
' I I I I ill! 


i ~»pd<fr<*n<r<fr<r«t«*n^n<a* 

« i i i i i i i i i i t i i 


n 

o 

H- 

n 

> 

n 

f 

CD 

H 

CD 


U ~ 

z a: 

~ X 


O 


f\ fs ^ H 

N 'D '■O CD 'd* 


>o >o o <$* o n 

^ O ID N (> o ^ 


-^oinM^ipynm^Hfsonnoooinina] 

n^cDOH^ftNoninmocdininina'Ot 


5^S?^??^iC , lf 5U ^ v0 ^ v0r ^ rVs,x P v ^CjOCDCQCOCD(>ChOO*rHrdriJPijrnrninu^ 

C>ChO(>0-i>Ch£>i>a'ChOChC>l>i>t>OOD : *SS?SoOO‘-- 


tn nj n ^ in ^ 

N N N N N N 


O O O O O O O 


£££8£^22;‘ n ' ONai(>0rtr >irc<ttn>oNooo'0~f\in<a- 

NNNOCOCDCDanDtDlDOOaithCMMMMhO'O'O'O'OOOOO 

i-lrtrtrt«MHrtMHHrtHHrtMHH«rtrtHrtniClirilrtf\| 


~ c 

-P O 

c u 

O 

CJ CD 
w Cd 
CD ^ 
Pd <l 
il 

< o 

Z 


CL ~ 

z u 

Ul ~ 


UJ -V 

Z £T 
•-< X 


a 

z 


ChNlT)Nd , ^>0^' 


CiiO'Onpj'dO'O^'t 
nnt^rj'tnnnH 
I I I i I l I ! I | 


n h m ih (> 
O Pd N CD O 


o ru n o 

Pd ^0 N 


NooooHpjn'tmvo 


CM 

>D 

n 

C> 



Ch 



rd 

«* 

o 

ID 

rd 

CM 

0 

0 

<r 

~Tv 

rH 

Pd 

>0 


Ch 

< 1 

n 


i 

«fr 

1 

n 

f 

\ 

i 

1 

i 

1 

< 

GO 

CD 

Pd 

n 

in 

o 


o 


CD 

* 

N 

X 

o 

Cd 

pu 

0 

0 

CD 

O 

O 

rH 

-i-i 

Cd 

ri 

ri 


N 

CD 

(D 

00 

0 

0 

0 

0 

0 

N 

CO 

0- 

o 

*— i 

Pd 

n 

<* 

in 

<* 

<* 


in 

in 

in 

in 

in 

in 


o <* 


QDGDCDPd^ , <'«O^P^CDN»-*>CN 

ON-Hpdo^^ajm^o^tPd 


Nt> , d , ^^tsinrvfS'Oi-ic><ti-»^ 

i ^ i Pd n i rjnHHnnn^^ 

f i i i i i i i i i i i 


ininn^^Oso-HpucDCDin^oTH 

^^'O s ^HrH^tffsQOQDTH(MQOOrd 


>ONODOO^tpdn^tinONCDChO 

DiniDin<|>0^^^M)N0'O<l'ON 


c -V 


A- 163 


A128(Cont) 

File No=fl28<Cont ) STS-3 V34T9310 LH PLB INS TEMP X=1215 


800080000000000800000 8800080800090 
66060660066666660666 6 6 660060000000 


oooooooooooooooooooooooooooooooooo 

6666666666666666666060000600000000 


8000000000000000000800000000000000 

6660666666666666066666666066600000 


8888888888888888888880888888888888 

0660666066666606666666666666660000 

sSIEsSSsISESSsgsSSsSSSSSSiSSaSSSISSSSfeSSS 


8SSS85R858&888SSS5SSS8S568SSJRSS88 


sssms&safcaiiassMRSsmMBSisfcSMS 

NO^o^wnjSS^S^SwwSwwwwSwnSnnnonnnnS 

888nnnnnnnnnnnnnnnnnnnnnnnnncnnnnnn 


a$ 2 S?iSS! 55 i 85 l?: 5 §SSR 2 §SSg 32 § 52 S 55 ggS 

SS 2 g 85 t 5 SSSSSNSa$n 55 SS^&SSS 2388 IPS 8 S 

2S2-22222S222S2S2S22222SS55S-^-f---- 

SS 6 SSSS 8 «i 88 ! 5 sjSi! 888 Ri 585 sS^ 86 §SS 8 S 8 S 


A- 164 


Temp= 159.48 F# Min Temp= -87.10 F. 




(j) Bjn^ojaduiaj_ 


Figure A-128 


A-165 






m'2 r ^^S?£'5!!2^r ru ' oinNn ' :) '»~^<>'"mch~~oin<T<j-- ( nornin 

ODO'0'00‘Cr > -'Ooruoininnna3'Orij(h'0'Oi>r»iCDa)^rot , )5'OiriN?nrvj 

Nnn^-^^«t«nn nn i n n «-• >o n rs 


'00'OHnma)o-<tinMMhriiinioo-nniDC)0'niin>oMMMno(Mh 

*«r*inininwinininr»tninininininininln!niniDiD>OMj^^>oJoNo33!2 

25’“^5Ji;S?; Cl ^ r ' iro ' tir) ' ONa:,Ch0 ^ run,:, ' ,n ' ors -oo^o-Hrdn»j-ir)>o 

2222222^Hn^^ Wrt ’ H ' Hrtnjr ' jr<jr,ja,njr,jnjniriinr,lf,, ’nnnn 


ffini(\l(MNlOOin»HfsH<j^^(^Qs H ^OiHs/jrQi>innKrtnnrKry k fKir»t+ 

rn'ONNru^in^in^innchnn>ooDO'Oa)o*(h(DnN«*oninir>N^<rn 
^2^2^^2^-^°"' oruir,a:, ' :, '‘ n ' oa,,n nn 1 nni^nalS^Sooo* 

^ ^ ^ ^ ^ ^ lU Ti « t I 1 I i i i i t i 


I I I I I I I 


I I I I I I I I 


15?S.«25:2!(i2^2?2^ n<Dr ' , ' orr,0fc - H ^^ lft ncD-.nj«roDinoch^r> 

'CniDsoocu0'riit0'o-H<0'0ocDoO'0NHr)>0'0(Dff‘Hninoninin 

^£££^S22S3:^' 0 ' ONrs - c °®^0"o6-rdCdc^nn«t : iriuS<oNiN;N; 

nnnnnnnnnnnnnnnnnnn-t^-j^ifVit???^^ 

•ONNNSNNNNNSOmiDIDCOOOIDffltDOOO'O'tf'O'Jo'S'^SJooo 


j-jconiororiJOipcDNoruNNrdiriintoocdO'-'ruo-nioooDtftnmhvQinm 

rc«~~*^inrvruNNo«ionaocDin0o~-nSr<mS!ncD!no2!na) 

I7n™^2l2!2 r)rr|nrorrir '’ ,rr)r,),tT, ’ r,,t,)rr,,t ’ Mr ' ,not '' ,tT,r ' ,t ’ ,i rcn«3-n$ 

1 1 1 1 i i i 1 i i i i i i i i i i i i i i i i i i i i i i i i , i 

£$;£££ r'!S£;£ ,0 "2 nchN,DO " 0 '~ 0 " n O'n«onN(>^>oo'COino(Mo 

Q!^22!£!!£i!2!£^^®®®^^^^ 0 0^~ru0n' l *«d : '0'd'<jaiciic00 , -0' 

HHHHHHrtHHHHHHrtHHHfunniniriiftinirdniniciifyNriiStSiS 

SmmS2;2;D!2 ,!fin ' ON ®^OHriin^in«oMDO'OHriin^in>flSffi 

nnnnn^^<t<tt<ttd-<ttiDinininiDinmiDinin-o«0'0>0'0«0'0'0'0 


!7. i;' T ' 0 ' , ‘ n ' :, ' CD ' :f( ' l J ,: *''0 l ^i^r«i'to<icD«3‘<rriirijjifvriin.«a- 

C*)riif v >inCiJ(Mnir3niON'OODO v ^’OQ*-iNO^‘OQDODtnnCD , t’'OOjntMODlD^ 

2 S' 2 £ £ £ 2 £ 9 2 2 £ 2 r,i fi ° « K n r«i ri o m «* cd ri ri -i «t * ^ 6 ~ m 
^ONrvr^NSNh-<iinivmnT-.noo<j-^rd<Truna]nin i nm^s-on^in 

i i i i i i i i i i i i 

fv S^f5'r'^ rtrsin|vnr ' l& ''f rtrt noir)(iiO'NN<tir)o<jNrdmnji« 

Hn'0^so>nvvwn^a)o>Htiini(Dooriin'fl$wNmwn5rnp)in>o 

odo^^^airiirdririririn^^^^ihihihifjiniriKNNcriaiajo'doo 


^(\in<nft'0MD0'O«rimtin>0MD(>o«fiin^in^MD0'OHnin<t 

’"'^’"•^’“•^'^'-•'-•^(MtMCMrjrijrjrururiirucndcncTjn 


A-166 



CL 

z u. 

UJ w 


03onsaMtncMDin^(>nrM>rH rt ^ow(M'0'tooN^^N^<iiH(>oio) 


n \n i runrun i nriT-i^y-inruo i ^cooocoifto*-* oonru^tocoNn 

1 * i ii i ^ i i iiiw^i 


uj - 
z cr 
>-• x 


^m^S?! C 2S2!^l^^ s0n ^ sOC>NN ®OO^O ir >^CD^^O^OO^iriO>0 

MD(hocj'0£Donin'Ooa)(>o^^(>^(>nNJo^MDinthniOHninn 

nn2-n- HHHHHHH,HHWn,n,ri,NNW W««NNWttNNN«N 


O 

z 


£2£^22!£i!£££S^0JC?^ inv0NCD0 * o ^ r > j n«-ioN0N0Dt>o^ru 

S^? l J?^^^^^ inin,ninin,n,r),ninin O'0'<l>0>ONOO<KKlNNN 

ru cd ry rd rd rd ro oj ry ru ca co cd ru rd nj ru rd ru ni ru ry ni nj ru ry cd cd ry ni nj ru oj cu 


cl — 
Z Ll 
UJ ^ 


Srtr2iKRiS^S?;!£JS2 n, ^M' 0 2 CDin,nnjinrj,s * v0in ^oinTH^(>^nj 

inonichOjn£>>flrjon^^i-<oiHnnNhni^(>£h^inNON^if)>cinn 


oao^n'ooo^a)^ 

t^CODDOth^T-nt 

I I I I I 1 


^OONOONChOOOOOOlOCDO^COO'O’r-i^onrtJ 

I I th ! I J i-» | *■* i-l | I t- 4 -rH I r-l I I h J 


I 

1 


I 


I 


I I 


I I 


I 



Jjj *-> 

Z ct 

o 

•-* X 

rv 

H w 

o 


ii 


X 


CL 

o 

Z 

z 

u 


H 


Ct 


UJ 


z 


►-« 


-J 

CL 

z a. 


LU w 

o 

H 

a 


C3 




CL 

UJ ^ 

ru 

z x 

tH 

~ X 

n 

H w 

o 


H 




n 


> 

a 


z 

n 

i 


i 

CD 


H 


CD 

EMP 

(F) 


H- 


c 

o 

a 

o 

n 


+> 

c 

o 

a 

o 

n 

tH 

<L 

II 

O 

Z 


iii -•** 

z rr 
x 


o 

z 


y- o in h uj 
^ ID ID >fl N 


>ONNni>n^n 

O^^NN^CUtn 


Ojn^<tOCh(>^CDOtCDCMsQ3^HNCOID 

^^oc^^J'^ln^^NCDo^'OOGC^^c , ulfi(^(^o^ , 


^rvr^r^r^nB5SBS?P^^5Sz! T ^ r ^ rur ^ n driininin>d'bGDodcd(>i>o 
OOChOChOOChOa'C^ChOOOOOOOOOOOOOOOOOOO 


O ^ H 


SS^2^° H ^ i ^^ ,r) ' clN ®^OHnjn<tio>oNCDO s o^rijr , )^inoNCD 

oooooHHHHHH^HtHHrijnirtninirdrjnjrdriinnnnnnnmm 

i^oioicyrdnjnjajnjnjrdnjajrdajnjrdajrdrdninjojoinjrdcdrdajaiairdryrd 


©^■i>Ninrdo-rdo^oDCD(n>o>ON^irv^.Nn-t 

nNin^o^ooKo^rdrdCDnordONnKrd 


HnniriiNNonovOoni 

onnn^thihocooDOin 


o o 'O in <t 

n rd rii oi n n 

i i i 


o *-» <t n o ^ 
ru n in cd o -h 


DHH^H^^nvOinHinNchHH 
IHCDhOOOCDN^OCDO'ON'O 
I I I I I I I J '■H I «H I I I 
I I 


n 


Ntd^^rnnchoininino 
nnrurdoocDChooi incd 
i i i i i i 


^.5 t 55^^ 4r) ^ cooorj<, ’^n^in^nNGonirdn'ON^ch^) 
ru^- <iaDCh^rdQDa3a)[>noN^riinina)(hnn«tOMMh^ 


mmin<iNNaciQocc}c>0'Oo^^^ 

CDCDCDGOCDCDCDCDCDCDCDOOOOCh 


njr p )'t^*»nininininin>D<i<iso>0'0>ON 

Cht>(hChO0^£>(>ChChC>OC>O(>ChCh(> 


NNNNhNNNNCD(DQOCDCD03(Dffi(D(IIO v O s (>(h0^l>(>000'00000 

HHHHHHHHHHHHHHHHHHHHHHHHHHHHHnifyCyCyDj 


otooo^'0£hfuNn'OCDom>oin<3No 

>ooy , innmHoo>o>0'tir)NNN( T )HO 


nj in ^ r-i n 

hCiIOCDh 


ord^ch'f^noNON 

o^mon'Hoajo)^ 


(>O^<)Ch^na3ncDO^<ls0^{D'0H(>Tt^^\nn^>flji r HininNK 
o-aHJmoo'OMDB'O^mco^oa-HON H^ ^^ 

I I 1 1 1 I I I I III) *H | | tH | I 

II II 


ncDinninnn 

i i i 


<5 sQ 

n n -h 


rv>o^^onN©^^No^^ninNm^n^!ocD^SKNN^RlS 


nO 

O 'O th 


"O^'O'O'O'OONNtvrvNNNlNNNNNNNNNNOOODOOCDOOQQOOCDOO 


N03c>OiHain^inoN(xio s 


OHOjn^in^N©chOHryn^inoNan>o 

inininioin»ninininin>0'D>0N0<i<i'0N0>0^0N 


A-167 


A 130 (Cont ) 

File No=f 130 (Cont. > STS -3 V 34 T 9312 PLB BOT LINER TEMP X=670 


CL 

e il 
u ~ 


5538*88888888888888888888888888888 

m^r^cMbbodbbdodbbbddboodooodobooodd 

ru ^ i i i 

i i 


in ^ 

x or 
~ X 


SSmoonoooooSoooooooooooooooooooooo 

KKKmodcDdddoo'cjodddodddododddddoooooo 

O "0 *0 'O *0 *0 


o 

z 


nnnnnnnnnnnnnnnnnncnnnnnnn^^^-r^^^^^ 


(L ~ 
E lL 

UJ ^ 


m*2fcS8S$fiSi:?S88S88*2m5288B825{: 


CD ID «3* ID O N 

CD ^ n id H o ID 


hNNOIMOIIMMD^^ 

i ^ i ru cm i o i ^ 

I I I 


icvinruio^-'Oi^^^ iintp^ 
III 01 I I I I III 


111 

E X 
~ X 


CD «h ID CD O 

a* n in cd o 


r,m^fKJir,^mH>nwninMnN(DHHnj.oNnnnioo;o 

^O'O'OCDDifunNO^oin^’NOOchtM'ONOiDNf^on'Onj 


KSSKSKSSSgSfeRSSSS33333323333SS3S« 


u 

Q 


O 

z 


nnnnnonnnnnnnnnnnnnnonnnnnnnnonnnn 


TJ 
01 
(- 
0 J 
«P 

c 

<U 


Q. ~ 
E Ll 

QJ w 
H 


UJ ~ 
E <r 
PH X 


o 

z 


(Dooo'ooono 

HO£hNH>OC>ICD(> 

n(>iDN'Oodni(ritn 
^o<fru^-^CDn^ 
ru cu ru ru ru ru ^ ru ru 


cDH(DO'00'0 jni>ofy^noo 
i-.Jr^incxi^oboajoio'srnN^^oi'O'Oiooi^o^io 


^naD^ruNniDoo 


QD O 

<r n 


n ru 

O' ID 


ru ru ^ ru »h 


curucMrurucucurucuruojruru^ru 


i 


fSSf;SSoSSRS^S!223?2aSgS2883R88SSS5S! 

553S5S555SSSSS3SS555522$=S255SSSS5 

f;SS2 = 22222i2»:8sa8SSi!a8i5 8S8858Sfi8fi? 

nnnnnnnnnnronnnnnnnnnnnnnnnnnnononn 


at 

u 


c 

. 01 

Ll 

m 

OD «P 

n c 

, *H 

n o 

<r cl 

▼4 

I 0 ) 

u 

CL OJ 
6 
01 
H 

O 

c c 


a. ^ 
E U. 

Ill w 


1 I I ^N, 

E ¥ 
>-* I 


o 

z 


J;5 ^S”wn^ 2 oN$noBninir>WN^^^'Oift^n*H» 4 ^ 


NO'fN 
n oi to in 


?S8S^«BUi* 4 =IISS** ,i!i i8 ss *81*58*5J 


t'>> h» CD 

n <*• <r 


No 25 SS^«Nmc : 3oi°5nno‘(>^oioin'OiDaioonnNNCD 


-SSSSfjKKRiKiSSSSaaSSSggSSSaSRaSRRSgSS 

SS§SaS«SaSSs5aS^§S§sa™ssSsSS§8§l§8i 

A-168 


E o* 

L 

<0 

«H* 

IL * 

n il 
o 
. o 

rv ^ 
ID to 
CM L- 
X 
II 

a.O 

6 s. 

m 

H • 

Ol 

x 4 * 
IQ O 

E Z 


convenience only 



STS— 3 V34T9312 PLB BOT LINER TEMP X=670 



Figure A-130 


A- 169 




CL 

z u. 

LU w 
H- 


LlI 

z cr 
~ x 


^ ^ o n cd 
^ ^ o (h n 


oj «-» m 

0 «t o 
^ i i * 

1 


oo^9aj>ooO'00ooa)NOHOinHNwin(snjHino>o 

/ft r*.i rvi m >a. m. * ^ 

Ch 


'ONinrjiH^^HHnncrdwoDniinooonDnin'O’Ooi 

T* I ^*« j ^ ih o ^ |\ liDOOOChr^ChOCDOOO 


i i i i 


i i i i 


| 
I 


| ^ «-» 
I I 


3 SSS&HsmsmSS 3 XS: 3 SmH? 38 BR 8 :S 8 i! 

S 2 SSSSSgfeSSKKK 33333 S 33 S^ 55 SSSSP!RRi 


o 

z 


I nn£^£o£2^™ n ^^' 0NCDChO * Hrjn,tins0r ' v 00!>o^(Mn*-in<) 


in 

n 

Ift 

n <4- 

H || 
< O 

Z 


a. ~ 

z u. 

LU w- 

K 


111 ^ 
r x 
■-* x 


o 


in 

□ 

00 

z 

n 


X 


Q. 


z 


u 


i- 

CL — 

U) 

Z U. 

z 

LU w 

*-« 

H 

00 


-J 


CL 


X 

111 ^ 

-J 

Z X 
- X 

00 

H ~ 

ri 


n 


<> 


h 


<* 

O 

n 

z 

> 


n 

■ 


cn 


K 


cn 

TEMP 
< F ) 


iii ^ 

z ct 
•-» x 


o 

z 


^"0m*tN*r>oin<frCMncM ^( T )^^^J^^J^^^>^^)^^(^oD(^ol^cDooo^lD 

' * IIIIIIIIIII*4||*4«4*4|1 

I III 

N£h0('iJ^HO'^nnO(DrijHH(>(N|{ri^mninKHmnryfMmn«.»f n m 

^N^n^^oo^^inNoin^N^o-nNS^^SSoonS^Soon 

^Pr£ U !??if l 5 I ^9 :,0sO ^ ryr,:, ^ tn <J^CDC>O^fMCn<tins0NmChn^Hni 

'ONNNNNNNNSMDDD0aja3O3IDa)CDQ3Ch(MhCh?Ch?(MM>OOO 


Sfi 2 iKS?K£K 223 S 3 SS 2 ^SS 2 SS 2 gg 2 S 5 SSSS 

• • i i i i i i i i i i i i t i i i i i i i t i i i i i i v 

'0(>riin'Oa)-Hruru**(hnchordrvn(h<**ooi>ni<rnot\!n<ra)-*aioin 

^^P;®°:$i:£J^2!2^*2i 0rtr ' jn,, ' ,n ' 0|v '©t>o-<ojn^inoNm 

nnnoo«*<t<r<*.t<*«*«*<t<rmmmmmininir.inin<>>o>oio5'ij3!o“ 


N 


in 

o 

OJ 

<r 

▼-< 

CM 

o 



0" 

n 

O 

0 



>0 

n 

Ch 

O 

0" 


0 

CM 

n 

-f-4 

Ch 

>a 

Ch 

N 

n 

N 

o 

o 

CM 

in 

▼•H 

o 

N 

n 


in 

n 


Ch 

CM 

CM 

1 

CM 

n 

i 


0 

O 

in 

Ch 

o 

o 

o 

in 

O 

0 

w 

N 

W 

<3* 


o 

0 

ry 

o 

o 

O 

n 

<* 

o 

Ch 

CM 

n 


iH 

tH 

ni 

ru 

m 

ri 

ri 

ri 

ri- 

ri 

<*■ 

<3- 


cm 

n 


in 


N 

0 

o 

o 

H 

CM 

n 


"* 0 n in o oj 


i i 


i s 'D>onn'0^‘'0'Oru<tryrvi 

'0-Hr>i^inrtininriioo«H 

1 1 f I I I I I | H H rt 

I I I I 


ansoonnnn 


-nin^in>oisaMho-.ryn^ir.>oNODO'0-.rdn«j-in^NCD&.o-.nin^ 


A-170 



A135(Cont ) 

File No=f 135(Cont. ) STS-3 V34T9318 LH PLB INS TEMP X=850 


a. — 
2 k. 



N£h^( i )a3^rd^'t'0(HChnii>N^»HNN^a)ino"Na‘rd>onMn(Da)riJO 

n^imno(MN^'O>o«ta)a)ono(DochNQ)Chfuio0n'Oa)rjnoDnnjNO 

0 s 0 s mo i i o-cn^cMtn^mcD^cr-ortjtn^oocMnn^soo^ *-* 

II 1 «■* If III i-i i-4 | rH rH rH rH rH I 


Ui 

z a 
^ x 


^morijo>och<icDinrdr«iinNron^ai'0^ioriJOOMnoa)^n'toino 

rua3^*mrdm£>nN^a3GD^o»-*T-in>ocDonNordinNo^rii^to^O'0 


iHtHnirijnnn^^iniDinin<3<i>0'0>0v0NNNMriai(iia : ch(h'(>6od^ 

rd cm ru rd rd ru rd cm cm ru ru ru cm cm cm rd rd rd cm cm rd cm ru cm cm ru ru ru oi cm n n n n 


o (hOHriin^inoNODooHnin^inoNCD^OHnin^inoNaj^OHni 

2 I n^^^^'t^^^^^inininioinininintnmN0>0'0O'0>0O'0<i<iNNN 

(MrdCMCMCMCMCMrdrdCMrdCMCMCMCMCMrdCMCMCMCMCMCMCMCMCMCMrdCMCMCMCMCMCM 


a. ~ n ru cm in o cm ru rd 

ill omcDCMCM^nrdOO 

|jJ v 

H nDDHsONd ,, t<lH 

^OhCDOOO^h 

I H »H | H tH H H 

II I I 1 I I 


rdN^QD^'ChN0>0'trdCDO 

’srcoNHNocoO'iM^na) 


non^CDinnnin^oaj 

hon i oidh | i <* i 
i i i ^ i i 

i 


o<frCdcordO<rnj<frocdO<* 

OD<rno<rncMCMNonom 


a)*-it-i^n^c>^-c T )n'0^i-« 

<r i o o n 

I I I tH rH | 

I 1 


UJ 

2 a: 
HH X 


in^ooNO<M)(M^a3^(Ma)N^nincocD«t<iaj(>innooNtHa)>o<n>ir) 

nNoaDCMCM^cM^^inQDaDO^ino^^rd^tnGOOCMooonchO^nrN 


nnn^minNNCDdKDiHhChH 

OOOOOOOOOOOO 0-0 -< 


^nnn^^^^<j^maicDaiih66d 

rtrlHHHHrtHrtHHHHHHfyfUCll 


o in 'O n oo 

Z I O O O O 

ru ru ru ni 


o o ~ oj n h- in 

O H *H rH l“H r— I tH 

CM CM CM fM CM CM CM 


NONcocho^run 
t-h i-i *-» t-i pij fd CM CM 
CM CM ru CM CM Cd Cd CM 


«tlfW)NQ3£hO 

td rd rd rd rd rd n 
rd CM CM CM CM CM CM 


^rdn^inoNoo 

nnnnnnnn 

CMCMCMCMCMCMCMCM 


a. — 

x k 

UJ ^ 
H 


n^rd^o^ocntn^*>oQo 

c>>oi>oooinor r )cho>ord 

mri^rum<i^'ri^o*'d>b 

(MDO^ODO^iDNrtJ 1 *-h 

| | tH rH | rH rH ] J | 

II I I 


>00'*<*tDO>OOCh>00 

Noioirunn^ajo^in 


niooo i 

I J tH rH | I | H H 

II II 


^OrdnQDNOQDN^QO 

mMMonNnn'Oinin 


inH^iOHinrdrHoo>on 

h ^ChnNOnOOH 

I | | tH | tH | tH rH 

I II II 


W - 0 s d* (EM) O 

2 a: o o ru cr 

~ X 

h ~ o ^ ru ru rd 

O' &*• O' Q"' 0^ 


^^Nl>^rCD^NCDT-» 

ojinnNoaiNNo^ 


nn^t^'ininminoo 

Ehochochochachc^ 


<*NChODrdn<rrdmoo 

0coi>^^Ni>^Hni 


<!<M)NNhN(DCDa) 


'OHO^Oin^O'O 

No^m>oNor)«t 

cbchchdddainicM 

(MMhOOOOOO 


o Hain^in>oMi)!>OHmn^in<iNCDo^OHain^in^MDi>OHnin’t 

Z I NKNNNNNNNlBaDGOQDaCfGOGOCDOQGDOOOChChChChO^OChOOOOO 


cl Nr^no<>och<i<*^ODO<rr^N 

ill CMooo<r<*ON^rd(M'*^in<**a) 

UJ ~ 

inodJOn^O'^nN^ cd o 

| I 1 v-c *"• l I *“• I | | li 

l I I 


N(D’t>ordo^'0>0'OiD^'OnnnDin(M(> 

oninnino(M«r(hsn(M>ooo>0HO 

▼H^0^-irs[»-»^O{>(»)fri^}Qjfwj^QN!rud TH ^ 

N 1 I I CM n Q] MODH3 

I I I I I I I I 


uj— NnnoooonjoDoo^rt>osroinsoinHHO'Ot^Mia)^OHnnD>Ort 

2x (hon^a-oot-icM^No^^mNvO’-irdnioin^it-icMNCho^onn'CO 

*-» x 

h- w n^’tiDininfsNr^a)0(i)f>ooo^nirjnnnininin<i'OM^aja)a)oth 

rs.NNNNrsfvrvNNNf^Na)CDCDOOOOOCDQDCDCDCDQCD(D(DCDCDQC2)QJCD 


O 

2 


NCDi>o^nin^ir)'ONoo(>o^ryn^inoNCD(>OHnjn^in^oNcoi>o 

nc r )n^^^^^^^^^tininminininiDiniDin>0s0>0'0'0O^uuj^N 

^ ^ ^ T “* ^ ^ ^ *"* ^ ^ ^ H y-4 1—4 1-4 1-4 H t-< H i—4 i-t H tH H tH tH H H tH H tH tH t-H rH 


A-171 



A135 ( Con t ) 

Fil* No=f 135<Cont. ) STS-3 V34T9310 LH PLB INS TEMP X=B50 


a. ^ 
e ul 

III w 

f- 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 


oooooooooooooooooooooooooooooooooo 


III «*-» 

E a: 
« X 


0000000000000000000000000000000000 

0000000000000000000000000000000000 

6066666000 00 00600606666600666 6 0606 


in 

<3 

N 

CD 

ch 

o 

*4 

ru 

to 


in 

nO 

fs 

CD 

o 

o 


CM 

r) 

*• 

in 


rs 

00 

(h 

o 

H 

CM 

ro 

«* 

in 

<3 

rs 

00 

N 

N 

|s 

N 

fs 

GD 

CD 

CO 

00 

GO 

GO 

GO 

00 

CD 

00 

Ch 

Ch 

Ch 

Ch 

(h 

a* 

Ch 

Ch 

Ch 

(h 

o 

o 

O 

o 

o 

O 

o 

o 

o 

co 

to 

ro 

to 

n 

to 

to 

n 

to 

to 

co 

to 

to 

co 

ro 

n 

n 

to 

n 

n 

n 

n 

co 

to 

n 





«<* 

<* 


«* 



CL ^ 
X Ll 
UJ ^ 


UJ ^ 

e cr 

^ X 


o 

z 


or^^^j^co^tNOOoooaDiDni'OOOooooooooooooooo 

o<tm<i(h©co<rchisoni©©ninrsooooooooooooooooo 


(>^(\|H<iOH^(D(hN[D(riHOnHOOOOOOOOOOOOOOOOO 

1 ru <3 is ru cm \ * 1 1 
iiti 1 1 1 1 1 1 1 


ino-ora^NCDOinnoo^^^Ncoooooooooooooooooo 

a)HHinoomnonir)' 0 (hO'W(\iinooooooooooooooooo 



6 

6 

6 





rs 

N 

IS 

fs‘ 

Is 

N 

© 

6 

© 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

o 

<3 

<i 

>0 

-0 

>0 

o 

-0 


O 

*0 

-O 

O 

-0 

o 

<3 



















1-4 

H 

H 


H 

i4 

H 

H 

l4 

1-4 

H 

iH 

i4 


i4 

s-d 

t-4 


















H 

CM 

ro 


in 


N 

00 

Ch 

o 


CM 

n 


in 

<1 

N 

© 

Ch 

o 

1-4 

ru 

n 

<* 

in 

-0 

IS 

© 

Ch 

O 

1*4 

(M 

n 






<* 


<r 

<* 


in 

in 

in 

in 

in 

in 

in 

in 

in 

in 

<i 

o 

o 

o 

*0 

*0 

o 

o 


<1 

is 

N 

is 

IS 

fs 

to 

n 

n 

co 

co 

ro 

co 

co 

co 

n 

co 

co 

co 

n 

co 

co 

ro 

ro 

n 

n 

n 

ro 

co 

n 

ro 

co 

n 

co 

to 

to 

co 

co 

n 

n 


CL ~ 
E lL 
UJ ^ 


UJ 

E X 
« X 


o 

z 


rs 

i -4 

N 

N 

|s 

rs 

H 

N 

Ch 

1-4 

Ch 

0 - 

1-4 

<1 

N 

1-4 

(M 

in in 

> 0 

O 

© 

o 

CM 

© 


© 

CM 



>0 

in n 

(h 

IS 

ro 

CM 

(h 

fs 

<0 

CM 

© 

o 

n 

*0 


n 


<* 

n 

I"* 

Ch 


rs 

© 

in 

n 

© 

o 

in 

ni in 

rs 

o 

© © 

to 

S 

Ch 

is 

6 

ni 

© 


CM 

n 

n 

© 

1-4 

ch 

6 

i -4 

1-4 

6 cti n 

l 4 

© O 'O 

in <i n ch n 

1*4 

'O n ch 

H 

1-4 

CM 

1-4 

co 

CM 

n o co <t © o © 

14 

IS CO 


in in 

i 

(M CM 

1 

n 


iH 

n 

i 

ru cm 


1-4 

O fs 

H 

H 

i 4 

i 4 

i -4 

1-4 

^4 

iH 

1-4 

1-4 


1-4 








1 



i 


1 

i 


i i 


1 

1 



<i 


n 

n 

CM 

n 

Ch 

-o in 

in 

1-4 

o 


CM fs 

fs 

N N 

N © © 

1-4 fs. 

m ch (h © 

CM 

<r 


44 

ch 

1*4 

CM Ch 

o 

(h 

Ch 

0" 

1-4 

<r 

*0 © 

o n in © 

iO Ch 

(h CM CO ^ 

© (h 


n ^ o 

ch 

^4 

14 

m 

rs 


fs 

fs 

© 

Ch 

6 

6 

6 

1-4 

ni 

rJ 

n 

n 


6 6 

in 


N 

© 

© 

© 6 

6 

O ^4 *4 

1*4 

ri 

to 

n 






in 

m 

m 

in 

in 

in 

m 

m 

in 

in in 

m 

in in 

in in 

m 

m 

in in 'O 

'O <MJ 


<i 


-0 

'O 

14 

V4 

^4 


1-4 

*4 

H 

H 

i4 

iH 

H 

*4 

H 

1-4 

i4 H 

iH 

eH »4 

*■4 ^4 

^4 

H 

e4 44 

H 

H H H 

*4 

H 

44 



rs 

© 

0- 

o 

H 

CM 

n 


in 

<1 

N 

© 

Ch 

o 

CM 

n 

in 

nO n 

© 

(h 

O -H 

CM 

n m 

<1 

N 

© 

Ch 

o 

o 

o 

o 

1-4 

1-4 

i4 

1-4 

l4 

^4 

1-4 

i-» 

i-4 

^4 

CM 

cm ru 

CM 

cm ra 

2 

2 

CM 

CM 

n n n 

n n n 

CO 

CO 

n 

n 

*• 

n 

n 

n n 

n 

n 

n 

n 

n 

CO 

n 

n 

CO 

CO 

n n 

CO 

n n 

3 

3 

n 

CO 

n n co 

n n n 

CO 

n 

n 

n 

n 


a. ^ 
E Ll 

UJ ^ 


<fto©<trs(M©inoin^chcocointoch* 4 ^nn<h<h<hinin<tcMrs^ni^(hin 

^•oj(>riiajinin<K!n(h^noNO't^ni^f\ioi>n^nm^(M' 0 ^^^s 

1-1 is 1 ch 1 *-*o 1 ino(D^iHH(>^^or»i^io^THnGDnMt^a 3 ni^o(M 

| H ^4 1-4 1-4 1-4 H 1-4 H H H H *4 III | 1-4 l4 i4 


1 1 1 ^ 
r a: 
— x 

H 


(hO'^ot'<inrt-^n'<M , HrtHcoinHoo>o(DOwnni'OnsoniM(ii 
(>0‘n4-'0©o — minm — n^-coco — — ni4-inir><ocD — ror-th — inNcrcho- 


-•Hnnntnn-O'O-oaKDaioo'O-'HHniwNNnnnntt'tifinift 


o I oiirin^oNCDtro — run'tin-oNcotho — riir)4-r>oNooo‘0 — n»n4in>o 

z | rNNNNSNNOOODODOOOOmaJCDODCDO'O'O'-Ch&'O-O-O'O^thOOOOOOO 
cvjnicMnirurururutMNwriitMtMCMoiniMruruniwfUNfvirMMnnnnnnn 

A-172 


Max Temp s 143.01 F, Min Temp — 158. 89 F. 

Note: (0 Hrs» 0 F)s are not data points and are entered for convenience only 
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Max Temp = 129.67 Fi Min Temp=-12S. 02 F. 

Note: (0 Hrs,0 F)s are not data points and are entered for convenience only 
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A- 205 


170 77. 27 



A158(Cont ) 

File No=f 1 58 ( Cont. ) STS-5 V34T9312 PLB BOT LINER TEMP X=670 
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A-206 


Max Temp- 217,00 F; Min Temp— -1 15. 81 F. 

Note: <0 Hrs,0 F)s are not data points and are entered for convenience only 



STS— 5 V34T9312 PLB BOX LINER TEMP X=670 
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Figure A- 158 


LIFT-OFF 11/11/82 
T!m 12. IS. 0 



STS-2 V34T9324 PRELAUNCH FLIGHT TEMPERATURES 
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A- 208 


Max T emp= 70 1 1 F; Min Temp = 64 90 F 

Note, (0 Hrs<0 F)s are not data points and are entered for convenience only 



STS-2 PLB PRELAUNCH FLIGHT TEMPERATURES 

MEASUREMENT V34T9324i STS-2 PRELAUNCH DATA 
FILES p202k/f202ki CCT DATA 



0.0 to 14.0 HOURS IS FOR CONVENIENCE ONLY 
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A-210 


Temp- 83. 17 F; Min Temp= 62 96 



PERATURES 




A210 

File No=f 210 STS-1 V34T9311 ASCENT MID FUS LIN TEMP 
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A-212 


Max Temp = 80.63 F; Min Temp = 5.78 F. 

Note: (0 Hr*, 0 F)s are not data points and are entered for convenience only 



STS— 1 V34T931 1 MID FUS LIN TEMP 



A-213 


Liftoff. 4/12/81 12. 0. 0 




File No=f 21 1 STS-1 V34T9317 ASCENT MID FUS LIN TEMP 
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A-214 


Max T emp = 80.35 Fi Min Temp = 3. 12 F 

Note: (0 Hrs< 0 F)s are not data points and are entered for convenience only 



STS- 1 V34T9317 MID FUS LIN TEMP 



Figure A-211 
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if toff. 4/12/81 32. 0. 0 




File No=f 212 STS-1 V34T9320 ASCENT MID FUS LIN TEMP 
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A-216 


Max Temp 355 83.06 F; Min Temp = -41.94 F. 

Note: (0 Hrs# 0 F)s are not data points and are entered for convenience only 




Figure A-212 
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Liftoff i 4/12/81 12t Oi 0 
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File No=f213 STS-2 V34T9310 ASCENT MID FUS LIN TEMP 
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A-218 


Temp= 77.92 F» Min Temp= 36.66 



STS— 2 V34T9310 MID FUS LIN TEMP 
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Figure A-213 


A-219 


Liftoff. 31/12/81 15.10. 0 




File No=f 214 STS-2 V34T9320 ASCENT MID FUS LIN TEMP 
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A- 220 


Max Temp = 70. 97 F; Min Temp= 50 22 F. 

Note: (O Hrs# 0 F)s are not data points and are entered for convenience only 
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Figure A-214 
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Liftoff. 11/12/81 15.10. 0 
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A-222 


Max Temp = 70.74 F; Min Temp= 59.97 F. 

Note: (O Hrs» O F)s are not data points and are entered for convenience only 
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Figure A-215 
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iftoffi 11/12/01 15i 10i 
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A-224 


Max Temp = 71.30 F; Min Temp = 43.09 F 

Note: (0 Hrs.O F)s are not data points and are entered for convenience only 
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Figure A-216 
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Liftoff. 11/32/83 15. 1C. 



File No=f 217 STS-2 V34T9312 ASCENT MID FUS LIN TEMP 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 

0000000000006060000000000006000600 


0000000000000000000000000000000000 

0000000000000000000000000000000000 

000000000000000000000000 000 oddoodo 


n^in>oN(iio^OHnjn^ifK)NQDoo^rjn^in'OMDOOHnjn^in '0 

oooooooHrHH^HHHw^^riinjriiojrdnjrjrdninjnnnnnnn 


0000000000000000000000000000000000 

0000000000000000000000000000000000 

doododdooodoooodddddooddddddddoddd 


0000000000000000000000000000000000 

0000000000000000000000000000000000 

oodooooooooooooooddoooooddddddddoo 


!>o-HCdn^mvONCDOOr-«Ctfn^^-ONQDChO'-*rur r )<*ir>>oNOoOT-in] 

> 0|sNr s 'NNNNNNNCDC0Q3QC)C0CDCDCDa3QDOD'l>0 s OOOD s (>OOOO 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

dooooooooooooooooooooooooooddddood 


iDsONCDC>0 H riin^invONCDO'OHriin^i/ , 5'ONCDOO^ni( r )^inohQ3 


HinoniN^HCDn^HHHnNjnmnooooooooooooooooo 

t < tinm^iT)' 0 ^rijNNNN HHHH nriiooooooooooooooo 

tNNOorjriiinmNNfv^mairinooooooodddddddooo 

fN.iniD> 0 ' 0 ' 0 <i<l> 0 > 0 <l> 0 >ONNIIICD 


onruNt>nchru<JOonnio<jchon«i-ooooooooooooooo 

oo^^^njron^NonnNN-Hnj<ioooooooooooooooo 

ddooooooooo-iHH^ryriJCiiwoooooododdodddd 


^njn^-inoi^CDChO^rijn^insONCD^o^rjn^jnsONCDO^o^ron^ 

^^^^^^^^^^rjrdairdrjjranjriiryrunnnnn 


A-226 


Max Temp = 83. 18 F* Min Temp = 0.28 F. 

Note: (0 Hrs< 0 F)s are not data points and are entered for convenience only 
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Figure A-217 
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MISSION ELAPSED TIME (HRS) 
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A-228 


Max T emp= 80.87 F> Min Temp= 62.85 F 

Note: (0 Hrs» 0 F)s are not data points and are entered for convenience only 
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Figure A-218 
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Temp= 73 02 F * Min Temp= 47. 18 
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Figure A-219 
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MISSION ELAPSED TIME (HRS) 
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A- 232 


Max Temp = 70 33 Fi Min Temp= 59 

Note: (0 HrS/0 F)s are not data poi 
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Figure A-220 
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MISSION ELAPSED TIME (HRS) 




A221 

File No=f 221 STS-3 V34T9326A ASCENT AFT BHD TCS TEMP 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 

dooooooooooooo^oooooooooooodddoddo 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 

doooddooooooooooodooooooooddddodoo 


n'tm-oMUthO’-'tMn^in-oNCDOO'Hnjn'tin'ONCo&'OHriin'j’irj'O 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 

dddddddodoooodooddodddddddoddddddo 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 

ooooooooooododooooodooodoooooddooo 


o-0’-*n»n«tin>orNa30 k 0^r(in»fin-oNa)0"0^run«tinvOh'000‘0»-*rii 

Oh.r'rvrvr^r^r^rvrvNCDCDComcDcocDtDiDtDO'OO-ochO'Cr'a-ci'O'OOO 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 

dooooooooooooooooooooooodddooododo 


oooooooooooooooooooooooooooooooooo 

oooooooooooooooooooooooooooooooooo 


oooooooooooooooooooooooooooooooooo 


in> 0 NQ 3 i>O’-‘rjn'tin'QNOCr'O^rjn’tin' 0 S 0 DJ'O'*c\in^in> 0 Niii 


N^Chrtoriinn'O'Oimnmai'CCDRiDoo-N-noooooooooo 

J-(MMMnO' 0 (ll'f<flHhNNntD 0 'N«f<tOID'f' 0 OOOOOOOOOO 

rjrjCht>i s 'inraN«r^-^chori)rij^'tNNOo-riiraooddodddod 

hh'O'O'O'O'Omininininq-'rininininininoin-O'O 


HHHNrjciiwriiriinnnnNNOonrHi'O-H^oooooooooo 

ooooooooooooooo*H^^^*-<'«ajninoooooooooo 

dddodooodooodddddooooododododddodd 


^fun«j-in<ir'CDi>o-'rijn«j , ir)>0NtDOO — rijn«rinoiva)0'O-*riin<j- 

CO CO CO CO CO 


A-234 


Max Temp = 72. 97 F; Min Temp = 49. 78 
Note: (0 Hrs.O F)s are not data point 
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Figure A-221 
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MISSION ELAPSED TIME (HRS) 
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A- 236 


Max Temp = -22.49 Fi Min Temp=-138. 79 F 

Note. (0 Hrs< 0 F)s are not data points and are entered for convenience only 
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Figure A-230 
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Max Temp* 42. 03 Fi Min Temp=-149. 75 
Note: (0 Hrs» 0 F)s are not data point 




Figure A-231 
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STS-3 DFI FLIGHT DATA 
TAIL TO SUN ATTITUDE 
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Max Temp= 46 . 27 F» Min Temp=— 159 . 41 F. 

Note: (0 Hrs. 0 F)s are not data points and are entered for convenience only 




Figure A-232 
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STS- 3 DFI FLIGHT DATA 
TAIL TO SUN ATTITUDE 
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Max Temp = 13.48 Fi Min Temp=-124. 34 F. 

Note: (0 Hrs» 0 F)s are not data points and are entered for convenience only 
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Figure A-233 
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A- 244 


Max T emp= 41.33 F, Min Temp=-145 00 F. 

Note: (0 Hrs» O F)s are not data points and are entered for convenience onlij 



5TS-3 V34T9325A FWD BHD TCS TEMP 



Figure A-234 
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STS-3 API FLIGHT QATA 
TAIL TO SUN ATTITUDE 
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A -246 


Max Temp 32 270 93 F; Min Tefnp = -74. 26 F. 

Note: (O Hrsi O F)s are not data points and are entered for convenience only 
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Figure A- 235 
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MISSION ELAPSED TIME (HRS) 
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Max Temp = 57. 12 F, Min Temp = 21 08 F. 

Note: (0 Hrs.O F)s are not data points and are entered for convenience only 
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Max Temp = 73. 62 F» Min Temp = 16. 18 F. 

Note: (0 Hrs/O F)s are not data points and are entered for convenience only 
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Max Temp = 109.29 F. Min Temp= -80.39 F. 

Note: (O Hrs.O F)s are not data points and are entered -for convenience only 
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Max T emp = 41 60 F; Min Temp=-109. 97 F 

Note: (0 Hrs. 0 F)s are not data points and are entered for convenience only 
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Max Temp = 13.27 F> Min Temp=-113. 06 F 

Note: (O Hrs» 0 F)s are not data points and are entered for convenience only 
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Max T emp= 263.03 Fi Min Temp = -15.03 F. 

Note: (0 Hrs#0 F)s are not data points and are entered for convenience only 
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Max Temp= 75.62 F; Min Temp= 18 62 F. 

Note: (0 Hrs» 0 F)s are not data points and are entered for convenience only 
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Max Temp* 75.11 F; Min Temp* 0.55 F. 

Note: (0 Hrs, O F)s are not data points and are entered for convenience only 
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MISSION ELAPSED TIME (HRS) 
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Temp = 91.53 F» Min Temp= 13.83 
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MISSION ELAPSED TIME (HRS) 
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Max Temp = 67. 57 F; Min Temp= -22. 10 F. 

Note: (0 Hrs* 0 P)s are not data points and are entered for convenience only 
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Figure A-263 
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Max T emp= 66. 60 F; Min Temp = 21 88 F 

Note: (O Hrs» 0 F)s are not data points and are entered for convenience only 
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Max T emp= 65. 66 F; Min 7emp= 29 64 F. 

Note: (0 Hrs, 0 F)s are not data points and are entered for convenience only 
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Temp- 72.86 F; Min Temp= 16.00 
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Figure A-266 
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Max T emp= 65.09 F, Min Temp = 11.25 F. 

Note. (0 Hrs.O F)s are not data points and are entered for convenience only 
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Figure A-267 
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Max Temp= 69. 87 F; Min Temp = 16. 61 

Note: (O Hrs, O F)s are not data nnint 
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Max Temp= 67. 42 F, Min Temp = 13 56 F. 

Note: (0 Hrs» 0 F)s are not data points and are entered for convenience only 
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Max Temp= 85. 19 Fi Min Temp= 39.91 F. 

Note. (0 Hr s # 0 F)s are not data points and are entered for convenience only 
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File No=f 2B0 ( Cont. ) STS-1 V34T9312A PLB BOT LINER TEMP X=670 
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Max Temp= 75.09 F» Min Temp= 56.95 F. 

Note: (0 Hrs* 0 F)s are not data points and are entered for convenience only 
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DATE 080581 

BASE TIME 9051600.0 SEC0N0S 
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T emp= 75. 56 Fi Min Temp= 63. 31 
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Max Pres= 15. 05 PSIA; Min Pres = 0. 07 PSIA. 

Note. (0 Hr s » 0 F)s are not data points and are entered for convenience onlg 
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Max Pres= 13. 66 PSIAi Min Pres 55 0 17 PSIA 

Note: <0 Hrsi O F)s are not data points and are entered for convenience only 
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